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For over nine decades, Milltown Reservoir, located at the confluence of 
the B lackfoot and Clark Fork rivers, has trapped m illions of cubic yards of heavy 
metal and arsenic contaminated sediments derived from mining operations in the 
Butte-Anaconda region of Montana. Currently, the reservoir is operated as a “run 
o f river" system  with short-term  river flow and long-term  sedim ent transport in 
equilibrium . However, short-term  releases of contam inated sedim ent from the 
reservoir can occur and was most recently docum ented during a 1996 ice-jam 
event. Sedim ent scouring and subsequent release from the reservoir may also 
be possib le during high flow periods such as spring runoff, leading to potential 
annual exposure of contam inants to downstream biota.
The purpose of this study was to characterize how the Milltown Reservoir 
a ffects sed im ent and particu la te contam inant transport under d iffe ren t flow  
conditions. The spring runoff period of 1997 provided an ideal opportunity to 
investigate discharge related controls on contam inant transport due to an above 
average snow pack that led to flood conditions.
Samples were collected during seven events from sites above and below 
M illtown Reservoir as spring runoff evolved to allow mass balance calculation for 
suspended sedim ent and particulate elements. The mass balance was used to 
determ ine if and under what conditions the reservoir acts as a sink, or source, for 
con tam ina ted  sed im ent. A dd itiona l rese rvo ir p rocesses tha t m ay a ffec t 
particulate contam inant concentration were also investigated.
Results indicated that during low to moderate flow conditions, the reservoir 
trapped sedim ent and particulate elements. However, during the period o f peak 
river d ischarge, the reservoir released considerable volum es of contam inated 
sed im en t dow nstream . The peak sed im ent and con tam inan t loads w ere 
delivered to the reservoir during the initial rise in river flow. During this time, the 
reservo ir trapped approxim ate ly 76% of the influent sedim ent. The trapped 
sedim ent was likely then released when discharge increased to seasonal peak 
leve ls. The rese rvo ir also appeared to increase particu la te  con tam inan t 
concentrations by filtering coarse sediment during low flow and releasing deeper 
more contam inated sedim ent during peak flow conditions. The results indicate 
tha t the reservoir affects contam inant transport d iffe rently depending on flow  
cond itions. Future m anagem ent and selection of an appropria te  rem edia l 
alternative should include consideration of both the positive and negative effects 
M illtow n R eservoir has on contam inant transport, as well as the progress o f 
upstream contam inant source removal.
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1 Introduction
Since mining began in the Butte-Anaconda region of Montana in 1864, the 
Clark Fork River has been subject to extensive heavy metal contam ination. 
During early production, mining and smelting wastes containing As, Cd, Cu, Fe, 
Pb, and Zn were discarded into W arm Springs Creek and Silver Bow Creek, 
which together form the headwaters of the Clark Fork River (Moore, 1994). Prior 
to construction o f settling ponds on the lower Silver Bow Creek in 1959, the 
wastes were transported directly into the Clark Fork River (Moore and Brook, 
1988). Although metal concentrations decrease exponentially downstream 
(Andrews, 1987; Marcus, 1987; Axtmann et al., 1989), elevated concentrations of 
contam inants can be found throughout the Clark Fork River, extending 350 river 
m iles from the headwaters to its term ination into Lake Pond Oreille, Idaho (Johns 
and Moore, 1985).
Milltown Reservoir, constructed in 1906-1907, is the first o f fou r reservoirs 
downstream  from the Butte-Anaconda mining district. The reservoir is located 
approxim ately five miles east o f Missoula, immediately below the confluence of 
the Blackfoot and Clark Fork Rivers (Figure 1). Over the past nine decades, the 
reservoir has trapped considerable volumes of contaminated sedim ent derived 
from  upstream mining activities (COM, 1989). In general, particulate metal 
concentrations increase with depth in connection with the time o f deposition and 
possible downward migration of reduced contaminants (W oessner et al., 1984; 
Johns and Moore, 1985; Moore and Luoma, 1990; Moore 1994). In 1981 the 
Montana Departm ent o f Health and Environmental Sciences suggested that the
reservoir m ight be acting as a source as well as a sink for metal contamination 
(CDM, 1989). Arsenic concentrations one order o f magnitude higher than the 
M ontana Numeric W ater Quality Standard were found in residential wells 
adjacent to the reservoir and it was postulated that the arsenic originated from 
the reservoir sediment (CDM 1989). W oessner et. al. (1984) confirmed that the 
impounded sediments were the primary source of groundwater contam ination 
based on hydraulic and chemical gradients. Given the levels o f groundwater 
contam ination adjacent to the reservoir and the potential toxicity o f chronic 
exposure of heavy metals to river biota (Phillips, 1985; Moore et al., 1991; 
Axtmann et al., 1997), the U.S. Environmental Protection Agency listed Milltown 
Reservoir on the National Priorities List (NPL) under the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA). The 
reservoir has since been the subject o f intense hydrologie and geochemical 
study.
A fter over 95 years o f impounding bed load and suspended sediment, 
M illtown Reservoir has nearly reached capacity, containing an estimated 6.6 
million cubic yards o f trapped sediment (HLA, 1987). As a result, the trap 
effic iency has been reduced and it is generally operated as a “run o f the river" 
reservoir (Johns and Moore, 1985; Moore, 1994; and EMC, 2001). Although 
short-term  sediment deposition and scouring may occur, the reservoir appears to 
be in long-term  equilibrium between sediment input and output (Lambing, 1998). 
It has also been hypothesized that the deeper, more contaminated sedim ent is 
not subject to periodic scour (CH2MHILL, 2000). However, surficial erosion.
along with deposition, has been documented during discharge fluctuation events 
and subsequent annual net sediment losses and gains can occur (Lambing, 
1998).
In 1996, a net loss of sediment occurred due to an ice jam scouring event 
(Lambing, 1998). Elevated sediment and dissolved metal concentrations were 
docum ented downstream of the reservoir during and following the ice jam  event 
(Landrigan, 1997, and Moore and Landrigan, 1999). High flow events, such as 
spring runoff, may also erode surficial sediment, and potentially deeper sediment, 
resulting in transport o f particulate contaminants downstream. Such high flow 
events may cause annual mobilization of contaminated sediment and 
subsequent exposure to downstream biota.
As the responsible party, Atlantic Richfield Company (ARGO) has 
proposed several alternatives to remediate the site. Currently, the US
Environmental Protection Agency is reviewing the proposed options to determ ine 
the most appropriate approach. These remedial alternative include the following 
(EMC2, 2001, and Clark Fork Coalition, 2002):
• A lternative 1 -  No further action. Cost; $5.4 million to $16.6 million.
• A lternative 2 -  Modification of dam and operational practices. Cost: $7.3 
million to $19.3 million.
•  A lternative 3A -  Modification of dam and operational practices with
erosion/scour protection. Cost: $16 million to $43.5 million.
• A lternative 3B — Modification of dam and operational practices with
channelization. Cost: $43.9 million to $91.1 million.
•  A lternative 4 -  Modification of dam and operational practices with periodic 
sedim ent removal. Cost: $31.2 million to $69.2 million.
• A lternative 5 — Dam removal, partial sediment removal with channelization. 
Cost: $57.6 million to $152.7 million.
• A lternative 6A — Modification of dam and operational practices with total
sedim ent removal of lower reservoir area. Cost: $85.9 million to $187.5
million.
•  A lternative 6B — Modification o f dam and operational practices with total
sedim ent removal o f entire reservoir area. Cost: $139.3 million to $298.7
million.
• A lternative 7A  -  Dam removal and sediment removal o f lower reservoir area. 
Cost: $93.2 million to $196 million.
•  A lternative 7B — Dam removal and sediment removal o f entire reservoir area. 
Cost: $148.6 million to $325.2 million.
1.1 W atershed Characteristics
The Clark Fork River originates near Warm Springs, Montana at the 
confluence o f Silver Bow and W arm Springs Creek (Figure 1). Six major 
tributaries enter the river from Silver Bow Creek in Butte, to Milltown Reservoir: 
Blacktail Creek, W arm Springs Creek, Little Blackfoot River, Flint Creek, Rock 
Creek, and the Blackfoot River (Dodge et al., 1998). The 120-mile reach o f river 
from  W arm  Springs to Milltown Reservoir, commonly referred to as the upper 
C lark Fork River, drains 6,000 square miles of land. Current land uses of the 
upper C lark Fork River watershed include cattle and grain production, logging,
mining, and recreation (Dodge et al., 1998). The primary surface w ater uses in 
the watershed are irrigation, stock watering, light industry, hydroelectric power 
generation, and fisheries habitat (Dodge et al., 1998).
The most significant mining and smelting activities in the S ilver Bow and 
W arm  Springs Creek drainages occurred between 1870 and 1980 (Dodge et al., 
1998). The tailings derived from the mineral processing, which contained large 
quantities of trace metals such as As, Cd, Cu, Fe, Pb, and Zn, were deposited 
within the streams and on the floodplain during the early years o f mining 
operation. Consequently, trace metal contaminated tailings were transported 
downstream , mixed with stream sediment, and redeposited in stream channels 
and on floodplains. The contaminated tailings and sediment continues to be 
actively eroded and transported downstream, particularly during high flow  events 
(Dodge et al., 1998). The major tributaries of the Clark Fork River have also 
been subject to moderate to small-scale mining and thus contribute to the river’s 
overall trace element content. However, the sediment and water quality 
increases downstream as contam inants originating from the headwaters are 
diluted by cleaner tributary inputs. Figure 2 presents a conceptual diagram o f the 
current processes that transport metals in the Clark Fork River valley. The 
prim ary processes are erosion of the metal contaminated stream banks, 
floodplain runoff containing sediment, and scouring of the streambed (Smith et 
al., 1998). The sediment mobilized by these processes is then transported 
downstream  as suspended sediment.
The Clark Fork River from W arm Springs to Milltown Reservoir is 
generally a single threaded, sinuous gravel bedded stream with an overall 
gradient o f 0.25% (Moore and Brook, 1988, and Smith et al., 1998). The river 
carries significant clay through sand sized sediment loads (R2 Resource 
Consultants, 1998). The upper portion of the river meanders through a broad 
alluvial valley, while the portion below Drummond, Montana is restricted by a 
narrow canyon and by highway and railroad embankments (Smith et al., 1998). 
From Turah Bridge to Milltown Reservoir the Clark Fork River is “highly braided” 
(ARCO 1998d) and decreases in gradient (Figure 3). Consequently, more 
sloughs and backwater areas are present and the area is generally a lower 
energy and less competent environment.
The Blackfoot River drains the largest watershed that enters the upper 
C lark Fork River at approximately 2,300 square miles (Lawlor, 2000). It 
orig inates near the Continental Divide and runs 135 miles to its entrance into the 
C lark Fork River just above Milltown Reservoir. Six major tributaries enter the 
Blackfoot River (Alice Creek, Landers Fork, Nevada Creek, North Fork Blackfoot 
River, Monture Creek, and C learwater River), (Figure 4). Current and form er 
land and surface water uses in the Blackfoot River watershed are sim ilar to those 
o f the Clark Fork River, and include historical mining operations. However, 
m ining activities were less widespread and thus resulted in less severe impacts 
to overall w ater quality. The most significant mining occurred in the headwaters 
o f the B lackfoot River from approximately 1900 through the early 1950's (Stiller, 
2000). Milled tailings and contaminated mine effluent were discharged into the
headwaters at several sites. These practices resulted in elevated dissolved and 
particulate element concentrations of selected trace metals that are detectable 
along the entire reach of the Blackfoot River (Moore et al., 1991). However, 
these contam inants are typically found at much lower concentrations than in the 
Clark Fork River and thus dilute the overall contaminant concentration once 
combined with the Clark Fork River.
The Blackfoot River is a single channel meandering gravel bedded stream 
that primarily dissects Pleistocene glacial till and outwash deposits. The gradient 
ranges from 0.05% to 6% with distinct changes in slope (Moore et al., 1991) as It 
flows from  narrow valleys in the headwaters through alluvial valleys and bedrock 
canyons downstream (Menges, 1997). Partial damming at the mouths o f several 
tributaries and at the base o f higher gradient reaches with glacial deposits has 
resulted in an overall stair-step drainage pattern with several perennial and 
seasonal wetland areas. The wetlands are thought to naturally attenuate a 
portion o f the contam inants dispersed from historical upstream mining activities 
(Spence, 1975, and Moore et al., 1991). Below the Swinging Bridge, located 
approxim ately 3.5 miles upstream of Milltown Reservoir (Figures 3 and 4), the 
river generally consists of a single, relatively straight, channel with a gradient 
slightly greater than the corresponding reach of the Clark Fork River. Therefore, 
the lower portion of the Blackfoot River may have more relative energy and 
com petence than the corresponding reach of the Clark Fork River.
2 Purpose
The purpose o f this study was to examine the effects of discharge 
variation on suspended sediment and particulate contaminant transport through 
M illtown Reservoir. Specific focus was placed on characterizing the reservoir’s 
ability to trap sediment and particulate contam inants under different flow 
conditions. To investigate this question, suspended sediment and geochemical 
mass balances were calculated by collecting samples above and below Milltown 
Reservoir over the course of the 1997 spring runoff. The measured suspended 
sedim ent and particulate element concentration below the reservoir were 
compared with the predicted concentrations to determine when the reservoir acts 
as a source, as a sink, and when sediment and contaminants are transported 
conservatively.
In gravel/cobble bedded rivers such as the Blackfoot and Clark Fork 
rivers, sediment is transported either as bedload or in suspension (Smith et al., 
1998). Material that rolls or hops along the streambed surface is considered 
bedload while suspended material is transported by upward diffusion and 
entrainm ent that is associated with turbulent fluctuation in flow (Smith et a!., 
1998). Bedload in gravel/cobble bedded streams generally comprises less that 
ten percent of the total transport (Meade et al.. 1990). Suspended sediment was 
chosen as the focus of this study because, in addition to its predominance in river 
sedim ent load, it typically contains the bulk o f mobile particulate metal 
contam inants. Metals are concentrated in suspended sediment due to finer 
grain-size that results in a higher ratio o f surface area to volume (Forstner and
W ittm ann, 1983; Horowitz, 1984; Andrews, 1987; Marcus 1987). Greater surface 
area provides an increased number of sites for adsorption, coprecipitation, and 
com plexing, which are the primary mechanisms for transport of heavy metals. 
Therefore, grain-size typically is inversely related to particulate metal 
concentration. Previous workers have observed this trend in the Clark Fork River 
(Brook, 1988; Kuzel, 1993; and EMC2, 2001). Contaminated fine-grained 
sedim ent is also more toxic to river biota than coarser sediment because, in 
addition to higher trace metal concentrations, it is more likely be ingested and/or 
externally adsorbed by river macro organisms (Axtmann et al., 1989 and 1997). 
Fine-grained sediment also transports a smaller proportion of its chemical load 
within stable crystalline structures, which further increases bioavailability.
The fie ldwork for this study was performed during the spring runoff of 
1997. This period o f time was chosen due to an above average snow pack of 
approxim ately 160% (USDA, 1997) that led to a 10-year flood event (Figure 5). 
Therefore, the reservoir’s suspended sediment and particulate element trap 
effic iency could be characterized under conditions that ranged from low to 
unusually high flow. The trap efficiency was expected to vary significantly 
depending on river discharge and possibly depending on whether discharge was 
Increasing or decreasing. A better understanding of this variation may influence 
future regulation and management of the reservoir.
In addition to reservoir trap efficiency, complementary chemical and 
physical processes were also evaluated as part o f this study. A simple mixing 
equation was used to calculate the predicted particulate element concentrations
based on the input measured in the Blackfoot and Clark Fork rivers. By 
com paring the predicted concentrations with the measured results, it was 
possible to examine additional processes that may be occurring in the reservoir. 
These processes included preferential sedimentation by one river within the 
reservoir; scouring of deep and possibly more contaminated reservoir sediment; 
phase changes such as dissolution, precipitation, sorption, and REDOX 
reactions; and potential effects that the reservoir may have on suspended 
sedim ent grain-size. Each o f these processes may affect sediment chemistry 
and could also affect sedim ent toxicity and availability to downstream biota.
This project was conducted in conjunction with a parallel study on the 
effects of discharge variation on dissolved element concentration changes 
through Milltown Reservoir (Mickey, 1998). W orking as a team, analytical 
samples fo r each project were collected as common field samples. The 
necessary sub-samples fo r each project were taken from the individual field 
samples. Therefore, the findings of each study should be considered 
com parable and could be examined together for a more thorough review o f the 
chemical and physical processes occurring in Milltown Reservoir.
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3 Methods
The follow ing section describes the methods used to perform the 
fieldwork, laboratory analysis, and quantitative evaluation of the results.
3.1 Field
Seven sampling events were performed over the course of the 1997 
spring runoff between March and July (March 20, April 23, May 12, May 20, June 
4, June 25, and July 24), (Figure 6). The first six of these events were analyzed 
fo r particulate element concentrations. The July 24th event could not be 
analyzed for chem istry due to low suspended sediment content, which resulted in 
elem ent concentrations below instrument practical quantification limits (POLs, 
Appendix A). The first event was performed during the initial increase in river 
discharge in response to spring snowmelt (Figure 6). The subsequent sampling 
intervals were planned according to discharge fluctuation. The intent was to 
sample as the reservoir trapping characteristics changed. Consequently, the 
sampling frequency was selected according to the rate o f change in discharge. 
Emphasis was also placed on capturing the peak discharge as it was assumed 
that the m axim um  potential sediment loss from the reservoir would occur at this 
time.
A  total o f four sites were sampled during each event (Figure 3). The sites 
were chosen based on accessibility, proximity to the reservoir, and the presence 
o f US Geological Survey (USGS) gauging stations. Two sites above Milltown 
Reservoir were sampled to determ ine total contam inant load flowing into the
reservoir. One site was at Turah Bridge on the Clark Fork River and the other
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was at the Swinging Bridge, approximately two miles upstream of Bonner on the 
Blackfoot River. Both of theses sites were close to USGS gauging stations 
(Stations Numbers 12334550 and 12340000). Relative suspended sediment and 
metal input from each stream was calculated and combined to determ ine the 
reservoir influent loads. Two locations below the reservoir were sampled in order 
to determ ine the suspended sediment and metal loads flowing out o f the 
reservoir. The primary sample site was at Deer Creek Bridge, approximately one 
mile east o f East Missoula, and the secondary location was at the Footbridge, 
jus t north o f the University of Montana.
Mass balance calculations were completed using sample results from 
Turah Bridge, the Swinging Bridge, and Deer Creek Bridge. The University of 
Montana Footbridge site was not used for mass balance calculations and the 
specific results fo r the site are not discussed in detail for this report. The site was 
primarily used fo r comparisons with results from Deer Creek Bridge to provide 
additional information regarding river mixing below the reservoir and fo r data 
accuracy. Deer Creek Bridge is closer to the reservoir and thus provides a more 
accurate representation of the downstream effects. Deer Creek Bridge was also 
located adjacent to a USGS gauging station (Station Number 12340500), which 
allowed for site-specific discharge data. The UM Footbridge discharge was 
assumed to be equivalent to that of Deer Creek Bridge because no significant 
surface water input was present between the two locations. However, this could 
not be verified and therefore was an additional factor that limited the use of the 
results.
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Four depth-integrated samples were collected from each site during each 
sam pling event. The samples were collected at each site by dividing the river 
into four equal sections according to discharge. Depth integration was 
accomplished by manually lowering weighted 1-liter polyethylene containers 
directly from  bridges at each site. The sampling apparatus consisted o f the 
polyethylene sample bottles, nylon rope, duct tape, and a large rock taken from 
the Blackfoot River. Mechanical sampling apparatus were not employed due to 
concerns regarding trace metal contamination.
The sampling was completed using “ultraclean" techniques described by 
Benoit ("1994), Taylor and Shiller (1995), and W indom et al. (1991) to m inim ize 
potential sample contamination. Accordingly, the sampling was conducted using 
a two-person team with one person designated as the “clean person" and the 
second as the "dirty person”. The clean person donned clean latex gloves and 
was responsible for all required sample bottle handling. The dirty person 
performed tasks that required contact with surfaces that were not necessarily 
sterile, such as the bridge railing, nylon rope, duct tape, and coolers. The bottles 
were transported to the field in double Ziplock® bags inside coolers and were 
rinsed with river water prior to sampling at each site. Prior to use, the bottles 
were subject to an extensive cleaning procedure, which is detailed in the 
Laboratory Methods section below. The samples were placed in chilled coolers 
after collection and transported to the University o f Montana Murdock 
B iogeochem ical Laboratory for analysis. Each sample was analyzed separately 
to determ ine spatial and analytical variability.
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Dissolved oxygen, pH, and temperature were measured at each sample 
site during the last five sampling events. The measurements were taken by 
wading into the river immediately downstream of the bridge at each location, 
subm erging each probe, and recording the readings once the meters had 
equilibrated. The pH was measured with an Orion model 230A pH meter; 
dissolved oxygen was measured with an Orion model 820 dissolved oxygen 
meter; and temperature was measured with a Barnet 100 Therm ocouple 
Therm om eter Model NO. 600-2820 (JKT). Each meter was calibrated prior to 
use according to the manufacturer specifications. The measurements were used 
in a qualitative manner to detect changes in physical and chemical conditions 
that may influence river geochemistry.
3.2 Laboratory
The polyethylene sample bottles were cleaned in accordance with 
ultraclean techniques prior to use. The sample bottles were washed with soap 
and w ater and soaked in a 50% hydrochloric acid bath fo r at least four hours. 
The bottles were then soaked in a 1% nitric acid bath for an additional 12 hours 
and rinsed three times with deionized water. As a final step, the containers were 
filled w ith Milli-Q® deionized water and stored in double Ziplock® bags.
The samples were vacuum filtered through one of two types o f pre­
weighed 0.45-m icron Gelman supor polysulphone membranes upon return to the 
laboratory. Based on laboratory analytical results, the membranes were slightly 
d ifferent in composition and were therefore considered separately when 
calculating potential sample contamination, as detailed in the Quality
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Assurance/Q uality Control section below. The filtration process was initiated 
upon return to the laboratory and was completed by a maximum of 48 hours after 
sampling. Four vacuum filtration apparatus constructed of polyethylene were 
used. One apparatus was dedicated to each sample site and all o f the samples 
were filtered individually. Therefore, four individual filtrations were performed for 
each site. The filtration apparatus were cleaned prior to each use by washing 
with soap and water, rinsing three times with deionized water, and soaking in a 
50% hydrochloric acid bath for at least one hour. The samples that were not 
being actively filtered were stored at 4 degrees Celsius until processed. 
Following filtration, the filters were dried fo r 24 hours, reweighed to determ ine the 
am ount o f suspended sediment, and stored in polypropylene vials.
The filters, which at this point contained the sediment sample, were 
digested using an aqua regia m icrowave method described by Helgen (1996). 
The filters and sediment were digested as one unit because it was not possible to 
separate the sediment from the filter. In accordance with the digestion 
procedures, the samples were placed in 120 ml Teflon® digestion vessels and 
0.5 ml o f Milli-Q® water, 3.75 ml trace metal grade hydrochloric acid, and 1.25 ml 
o f trace metal grade nitric acid, each were added in succession. Following a 
one-hour pre-digestion period, the vessels were heated for six m inutes in a 
m icrowave oven. The vessels were heated with vent tubes inserted into the 
vessel pressure relief openings. The opposite ends of the vent tubes were 
im m ersed in a phenolphthalein indicator solution to detect excessive venting. 
A fte r heating, the vessel contents were transferred to 50 ml centrifuge tubes by
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rinsing with up to 45 ml o f Milli-Q® water. Effort was made to m inim ize the 
volum e o f rinse water used in order to reduce sample dilution. The tubes were 
then centrifuged for at least five m inutes at 2500 rpm and the contents were 
transferred to 60 ml polyethylene storage bottles for analysis. It was necessary 
to use 10 ml polyethylene syringes, equipped with 45-micron acrodisk filters, to 
transfer the tube contents to the GO ml storage bottles because small fragments 
o f the filters would not settle completely within the centrifuge tubes. The specific 
dilution that occurred for each sediment sample during the digestion process was 
calculated and applied to the analytical results (Appendix A). The acid added for 
digestion lowered the pH below 2 and served to preserve the samples. 
According to EPA methods, the samples could be held for up to six months prior 
to analysis.
The samples were analyzed using a Thermo-Jarrell Ash IRIS® inductively 
coupled argon plasma emission spectrometer (ICAPES) according to EPA 
Method 200.15. The instrument was calibrated to measure the follow ing thirty 
elements: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Or, Cu, Fe, K, Li, Mg, Mn, Mo, Na, 
Ni, P, Pb, S, Sb, Si, Sn, Sr, Ti, Tl, V, and Zn. Calibration was performed using 
standard multi-elem ent solutions that were prepared with the same acid matrix as 
the samples. The calibration was checked periodically for drift using internal and 
external standards (USGS T143 and USGS T145).
A second analytical procedure was used to measure arsenic in the 
sam ples that were collected after the initial sampling event (April 23*̂  ̂ through 
July 25th). These samples were analyzed using continuous-flow hydride-
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generation atom lc-absorption spectrometry (HGAAS), according to the procedure 
detailed by Mickey (1997), which is based on the method developed by Voth- 
Beach and Schrader (1986). HGAAS was required to measure arsenic in these 
sam ples because the concentrations were below the practical quantification limits 
(PQLs) o f ICAPES. Prior to HGAAS analysis, it was necessary to treat the 
sam ples with urea to neutralize the nitric acid that was added during digestion. 
Nitric acid causes chemical interferences in HGAAS analysis o f arsenic, which 
results in reduced analytical recovery. Addition of urea to a final sample content 
o f 2%, as described by Voth-Beach and Schrader (1986), effectively elim inated 
this interference.
3.3 Q uality Assurance/Quality Control
A quality control/quality assurance program was followed to insure that 
acceptable levels o f precision and accuracy were achieved by the laboratory 
procedures. Accordingly, stream sediment standards (CANMET, 1990) were 
digested and analyzed to evaluate the extent o f chemical dissolution by the aqua 
regia digestion. In addition, quality control samples were processed and 
analyzed at the appropriate frequencies, which included digestion blanks, 
equipm ent/filter blanks, syringe acrodisk blanks, standard solution blanks, 
duplicates, fortified samples (spikes), and internal and external (USGS T-113, T- 
143, and T-145) composite standard solutions. The complete results fo r each of 
the QA/QC samples are provided in Appendix B.
Duplicate sample results indicated that the analytical methods were 
suffic iently precise. The mean percent difference of the duplicates was 2.7%
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with a maximum of 5.5% (Pb). Analytical accuracy was evaluated in part with 
fortified sam ples and internal and external standards. The fortified sample 
recovery ranged between 80% and 120%, with the exception of Ca (72%) and P 
(125%). The mean values fo r all o f the elements measured were within the 
reported range for each external and internal composite standard solution.
Digestion and analysis o f three stream sediment standards provided 
additional evaluation of accuracy. The sediment standards were generally within 
two standard deviations of the reported mean values with an overall mean 
relative standard deviation of 8.9% (Appendix B). However, the digestion 
methods used in this project were not identical to those implemented by the 
CANM ET (Canada Center for Mineral and Energy Technology) and thus the 
com parisons should be considered somewhat qualitative. The method used in 
this study was designed to dissolve particulate constituents that were bound by 
secondary minerals, amorphous iron and manganese oxy-hydroxides 
precipitates, adsorption, surface coatings, and colloids, as well as elem ents that 
could be extracted from clay minerals. Crystalline constituents, such as silica 
m inerals, are less im portant in trace metal transport and, consequently, a method 
o f digestion that would dissolve these minerals was not employed.
Several types of blanks were analyzed to evaluate possible sample 
contam ination. The overall or maximum possible blank contam ination was 
calculated from  the combination of unique sources identified by the different 
blank types (Appendix B). Potential exclusion of individual sam ple results was 
evaluated in relation to the magnitude of the possible cumulative contam ination.
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External and internal standard blanks were used to measure instrument 
contam ination or bias. O f twenty-one standard blanks analyzed, no elements 
were detected above PQLs with the exception of an insignificant Cr concentration 
in one sample. Digestion blanks were also analyzed. These blanks were subject 
to the entire digestion process, excluding the addition of a sediment filter. Al, Ca, 
Mg, Na, S, and Zn were detected at insignificant levels in comparison with 
sample results. Syringe acrodisk blanks were analyzed to check fo r possible 
contam ination originating from the final filtering that followed digestion. No 
elem ents were detected.
Equipm ent/Filter blanks were sim ilar to digestion blanks except that the 
filters were digested after filtering Milli-Q® deionized water through the vacuum 
apparatus. As discussed previously, two varieties of 0.45-micron Gelman supor 
polysulphone filter membranes were used that were composed o f slightly 
d ifferent material. Primarily, the filters used for the first two sam pling events 
contained higher Na and S concentrations. The Na and S sample contam ination 
resulting from the filter digestion was significant for the March 20^ and April 23"̂  ̂
samples. Consequently, Na and S results were excluded for these dates. Cr 
and Zn were also detected in the equipment/filter blanks. The resultant Cr levels 
were significant, but were relatively consistent. Therefore, Cr was not excluded 
but should be considered estimated. Similarly, Zn results also should be 
considered estimated for the initial sampling event. Subsequent Zn 
contam ination was not significant. Other elements were detected in the 
equipm ent/filter digest, but at levels that did not required data exclusion.
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The samples taken at each of the four sampling sites were analyzed 
separate ly to allow determ ination of spatial and analytical variability. All 
analytical comparisons of chemistry and sediment load between the sites were 
evaluated with consideration of this measured site-specific variability, or error. 
The specific error calculation methods are discussed in the Uncertainty 
Calculation section below.
3.4 Mass Balance Calculations
The primary focus of this research was to determ ine if and under what 
conditions the reservoir may act as a source for downstream contamination. This 
question was addressed by calculating mass balances fo r both suspended 
sedim ent and particulate element constituents. The respective input and output 
loads were compared in order to characterize reservoir behavior during different 
flow  conditions. Particulate element loads were calculated by measuring 
discharge, metal concentration in suspended sediment, and suspended sediment 
concentration, and then relating these constituents according to the follow ing 
equation:
Q m =  ( Q w )  ( C m ) ( C s ) (OF) (equation 1 )
W here:
Q m = particulate metal load, in grams per second (g/s);
Q w  = w ater discharge, in cubic feet per second (ft^/s);
C m = suspended sediment metal concentration, in m illigrams per 
kilogram (mg/Kg);
Cs = suspended sediment concentration, in m illigrams per liter 
(mg/L).
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CF = conversion factor o f 2.83 x 10'®
Suspended sedim ent loads were calculated using equation 1, excluding the 
particulate metal concentration component:
Qs = (Qw) (Cs) (CF) (equation 2)
W here
Qs = suspended sediment load, in grams per second (g/s);
CF = conversion factor o f 2.83 x 10'^
The reservoir input consists of the combination of the loads contributed by 
the B lackfoot and Clark Fork rivers. Therefore, these loads were added to 
predict the conservative load at Deer Creek Bridge. If the measured load at Deer 
Creek Bridge was greater than the predicted load, then the reservoir was acting 
as a source for the respective constituent. If the measured load at Deer Creek 
Bridge was less than the predicted value, then the reservoir was acting as a sink. 
If the measured and predicted loads at Deer Creek Bridge are statistically equal, 
then the reservoir was acting conservatively and thus not affecting sedim ent or 
contam inant transport.
The mass balances were calculated for each sample event to evaluate 
transport through the reservoir at different flow conditions and an overall mass 
balance was also calculated to determine the net impoundment or scour within 
the reservoir fo r study period as a whole. The overall mass balance was 
estim ated by applying the individual mass balances as step functions. The steps 
were placed equidistance between sample events and the areas above and
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below the functions were summed to calculate the overall mass balance. The 
com plete function began and ended with the initial and final sample events, 
respectively.
Although it is reasonable to use this technique to calculate the overall 
mass balance, it should be considered an estimate. This is primarily due to the 
sensitive ly o f the calculation to the number and tim ing of the sample events. As 
with most river and reservoir systems, the transport and potential scour o f 
sedim ent and contam inants are dynamic processes that are highly dependent on 
rapidly changing conditions. Storm events, ambient temperature variation, 
diurnal changes, and seasonal controls are a selection o f events that can affect 
river discharge and subsequent sediment availability. The uncertainty associated 
w ith the event specific mass balances are well understood in this study. 
However, the overall mass balance calculation may be less conclusive due to 
these lim itations.
In addition to evaluating changes in sediment and particulate contam inant 
loads through the reservoir, particulate element concentration changes through 
the reservoir were also investigated. Changes in element concentrations could 
be controlled by any or all o f the following processes: 1 ) preferential 
sedim entation o f the Blackfoot or Clark Fork arms of the reservoir; 2) scouring of 
more or less contam inated sediment; 3) changes in suspended sedim ent grain- 
size that affected metal concentration, and 4) phase changes due to geochem ical 
reactions. Investigation of these processes was performed in part by using a 
m ixing equation to calculate the predicted constituent concentration expected to
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exist below the reservoir, based on the known inputs. The calculation was 
perform ed for each element according to the following mixing equation (Faure, 
1991):
D C B p re d .  -  (CcF X F c f )  +  ( C b f  X F b f )  (equation 3)
W here:
DCBpred. = predicted particulate element concentration at Deer 
Creek Bridge in milligrams per kilogram (mg/Kg)
CcF = measured particulate element concentration in the Clark Fork 
River above the reservoir in mg/Kg
F c f  = fraction of suspended sediment contributed by the Clark Fork 
River
C b f  = measured particulate element concentration in the Black Foot 
River above the reservoir in mg/Kg
Fbf = fraction of suspended sediment contributed by the Blackfoot 
River
The predicted element concentrations below the reservoir were compared to the 
measured values at Deer Creek Bridge in order to characterize the effect o f the 
reservoir on each element in the system, and to predict if any of the processes 
discussed above may be occurring.
The respective measured results at Deer Creek Bridge can also be 
substituted for the predicted values in Equation 3 and the equation can be solved 
to determ ine the fraction of the constituent below the reservoir contributed by the 
C lark Fork or B lackfoot rivers. These changes produce the follow ing two 
equations:
F c f  = (D C B m e a s . X C b f ) / ( C c f  X C b f )  (equation 4)
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F b f  = 1 - F c f  (equation 5)
Equations 4 and 5 provide estimates o f the percentage of suspended sediment 
and particulate contam inants deposited within the reservoir by each river. 
Consequently, further evaluation of possible non-conservative behavior such as 
preferential deposition, grain-size effects, sediment source changes, or 
geochem ical controls can be considered.
3.5 Uncertainty Calculation
It was necessary to determ ine the level of uncertainty or error associated 
with each relationship evaluated. W ith the uncertainty known, the analytical 
results and subsequent conclusions could be drawn with statistical significance. 
The majority o f the comparisons made by this study involved comparing the 
mean result o f the four samples collected at each sample site to those observed 
at the other sample sites. The uncertainty associated with each mean was 
calculated as the “standard error o f the mean” according to Taylor (1997). The 
standard mean error is calculated as the square root o f the number of samples 
divided by the standard deviation.
The uncertainty associated with comparison of each mean value was 
determ ined using the “propagation of error” described by Taylor (1997). 
Accordingly, the error was calculated using a technique based on the 
Pythagorean Theorem. Because the error associated with each mean is 
independent, the combined or relational error can be estimated as the 
hypotenuse between the two individual errors as if they were perpendicular. If 
the error of each mean were simply added, it would assume that the errors o f the
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two means were perfectly correlated and thus not independent (Taylor, 1997). 
The actual error calculations are slightly different depending on the specific 
m athem atical operation performed (Table 1). W hen multiple operations were 
required for an equation, the error calculations were nested or compounded to 
determ ine the cumulative error.
The variability associated with the analytical methods in the study was 
specific to the respective laboratory results obtained from the sample 
preparation, processing, and chemical analyses. However, the error associated 
w ith the river discharge measurements conducted by the USGS did not vary and 
was subject to a set uncertainty o f +/- 10%. Barring equipment malfunction or 
disruption, which did not occur during study period, 10% is the standard 
variability fo r each of the USGS gauging stations used (USGS, 1997, personal 
com m unication).
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4 Results and Discussion
Thirty elements were analyzed for each sediment sample collected for this 
study. However, it was not possible to obtain quantitative results for all o f the 
elem ents during each sampling event. Ag, B, Be, Sb, Sn, Tl, and Mo 
concentrations did not exceed the element specific PQLs in any of the samples 
collected. Cd and Pb were not measured above the respective PQLs in the 
B lackfoot River except during the first sampling event (Appendix A). Co was not 
detected above the PQL in the Blackfoot River during the final sampling event, 
but was quantifiable during each of the preceding events at each sample 
location. Na and S were detected above PQLs in each of the samples collected 
from  both rivers but could not be evaluated for the 3/20/97 and 4/23/97 events 
due to apparent blank contamination (Appendices A and B). Zn was also 
measured at relatively high concentrations in blank samples in relation to the 
3/20/97 Blackfoot River samples. These data were not excluded based on the 
relative magnitude o f the blank and sample concentrations. However, March 20^ 
particulate Zn concentrations reported for the Blackfoot River should be 
considered estimated values.
Relatively significant blank contamination was also detected for C r in each 
o f the sam ples (Appendices A and B). However, because the contam ination was 
relatively consistent and the general trend of the Blackfoot River and C lark Fork 
R iver Cr concentrations could still be documented, the results were not excluded. 
Instead, these data should be considered estimated. Results fo r Si were not
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reported due to irregularities caused by the aqua regia digestion method, which 
was not designed to dissolve Si.
Particulate Al, As, Ba, Ca, Co, Cu, Fe, K, Li, Mg, Mn, Ni, P, Sr, Ti, and V 
were measured above the respective POLs for each sampling event and did not 
require any data exclusion or qualification. The primary contam inants found in 
C lark Fork River sediments that are typically associated with waste originating 
from  mining and smelting operations are As, Cd, Cu, Fe, Pb, and Zn (Moore and 
Luoma, 1990). Each of these elements was measured above their respective 
PQLs during at least part of the study and thus can be reviewed to evaluate 
transport characteristics through the reservoir.
4.1 Com parison of Particulate Element Concentrations Above Milltown  
Reservoir
Relative Clark Fork River and Blackfoot River particulate elem ent 
concentrations were compared by evaluating the cum ulative mean 
concentrations measured in each river above the reservoir. The cumulative 
means were calculated by averaging the respective mean elem ent 
concentrations from  each sampling event. Student t-tests were performed at 
95% confidence to confirm potential differences between the two rivers. The 
cum ulative mean particulate element concentrations were generally enriched in 
the Clark Fork River above the Milltown Reservoir (at Tu rah Bridge) in relation to 
the Blackfoot River. This was particularly the case with the elements associated 
with mining and smelting wastes (Table 2, Figures 7a-w, and Appendix C).
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Cumulative results for eleven elements were detected at statistically 
h igher concentrations in the Clark Fork River than in the Blackfoot River. These 
elem ents include As, Cd, Co, Cu, K, Mn, Pb, Sr, Ti, V, and Zn. Mean results for 
eleven elements were also found to be statistically equivalent between the Clark 
Fork at Tu rah Bridge and the Blackfoot rivers. These elements include Al, Ba, 
Cr, Fe, Li, Na, Ni, P, 8 , and Si. Only Ca was measured in the Blackfoot River at 
a cum ulative mean concentration greater than that of the Clark Fork River. Mean 
suspended sediment concentration was not statistically different between the two 
rivers, although significant differences were present during respective sampling 
events.
Several elements measured in the Clark Fork River were enriched by a 
factor o f at least 2.0 in comparison to the Blackfoot River (Table 2). Copper 
showed the greatest contrast between the two rivers. Mean Cu concentration at 
Turah Bridge (454 +/- 83 mg/Kg) was 15.2 times higher than Cu concentration in 
the Blackfoot River (29.9 +/- 9.9 mg/Kg). Particulate Zn, As, and Mn were also 
significantly enriched in the Clark Fork River at Turah Bridge in comparison to the 
B lackfoot River, with factors of 11.7, 6.3, and 2.0, respectively. Co, K, Sr, Ti, and 
V were each enriched in the Clark Fork at River Turah Bridge by a factor o f less 
than two. Cumulative mean enrichment factors were not calculated for Cd and 
Pb because these elements were not detected above PQLs in the Blackfoot 
Rivers w ith the exception of the first sampling event. However, these elements 
w ere detected above PQLs in the Clark Fork River at Turah Bridge fo r all o f the 
sam pling events, as well as in each of the samples collected from the two sites
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below  the reservoir, indicating significant enrichment in the Clark Fork River in 
com parison to the Blackfoot River. Comparison of Pb and Cd concentrations in 
the C lark Fork River at Turah Bridge and the Blackfoot River for the first sampling 
event, when both elements were detected above PQLs, also supports this 
conclusion as Pb and Cd were enriched by factors of 4.6 and 2.2, respectively 
(Appendix C).
Most of the elements measured in the Clark Fork River at enrichm ent 
factors o f at least 2.0 in comparison to the Blackfoot River, were metals that are 
typ ica lly  associated with mining and smelting wastes of sulfide ore bodies (Moore 
and Luoma, 1990). These specific metals have also been documented at 
elevated levels in Clark Fork River suspended and bed sediment by a host o f 
previous studies (Johns and Moore, 1985; Andrews, 1987; Moore et al., 1988; 
Moore and Luoma, 1990; Axtmann et al., 1989; Essig and Moore 1992; Lambing 
1998; Breuninger, 2000; McKinnon, 2001). These workers concluded that the 
extensive particulate metal enrichment was associated with mineral extraction 
operations at the river headwaters. Therefore, the metal enrichment found in this 
study further documents C lark Fork River upstream particulate metal 
contam ination that is related to the Butte Mining District mineral extraction 
operations.
4.2 Com parison of Particulate Element Concentrations Below Milltown  
Reservoir
The confluence of the Clark Fork and Blackfoot rivers is im m ediately 
upstream  o f the dam. Therefore, comparison of mean particulate element
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concentrations below the reservoir was evaluated in terms o f the difference 
between the two sample sites on the Clark Fork River (Deer Greek Bridge and 
the UM Footbridge). There are no significant surface water inputs between these 
two sam ple points. Consequently, suspended sediment and particulate element 
concentrations should remain conservative unless significant deposition or 
erosion of sedim ent is occurring between the sites, or if the system is not in 
geochem ical equilibrium.
The mean particulate element and suspended sediment concentrations 
were essentially equal between the two sample sites (Figures 7a-w and 
Appendix C). The mean and median percent differences were 2.9 and 1.9, 
respectively. The maximum and minimum percent differences were 7.0 (Li) and 
0.2 (Pb), respectively. Each element showed significant agreement, indicating 
tha t sedim ent and particulate metal transport Is conservative between the two 
sites and that mixing of the Blackfoot and Clark Fork rivers is com plete at Deer 
Creek Bridge. Therefore, the conditions at both sites below the reservoir are 
representative of the physical and geochemical changes that occur as the Clark 
Fork and Blackfoot rivers combine and migrate through Milltown Reservoir.
4.3 Dissolved Oxygen and pH
Dissolved oxygen and pH measurements were performed during five 
sam pling events between May 12*^ and June 24̂ *̂ . The objective o f the 
m easurem ents was to detect changes in parameters that could alter trace metal 
geochem istry. It was assumed that at the macro scale of study, geochem ical in­
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equilibrium  between the rivers, and above and below Milltown Reservoir, would 
not be a primary concern in evaluating changes in trace metal concentrations.
The measurements were taken from the stream bank at each sample site. 
Due to access and instrument limitations, it was not possible to perform in-situ 
m easurem ents in cross section at the sample locations. Also, in accordance with 
ultraclean techniques required by the parallel study conducted by M ickey (1998), 
field filtration or preservation was not performed, which placed tim e constraints 
on the duration o f each sampling event. Therefore, replicate measurements 
were not performed to determ ine reading uncertainty. The uncertainty was 
instead estimated to be +/-5% by comparing the readings collected at Deer 
Creek Bridge and the UM Footbridge (Figures 8 and 9). These sites were found 
to be geochem ically sim ilar throughout the study period, with respect to both 
dissolved (Mickey, 1998) and particulate constituents.
In general, dissolved oxygen concentrations were sim ilar between the 
sites during each sampling event (Figure 8). W ith the exception o f May 12*^, 
when dissolved oxygen levels were slightly higher at the two sites upstream o f 
the reservoir than downstream, dissolved oxygen was within the assigned +/- 5% 
uncertainty between the sites for each event. The overall results ranged 
between 8.3 and 12.7 mg/L, with a standard deviation of 1.3 mg/L (Table 3). The 
Clark Fork River at Turah Bridge contained the lowest mean concentrations (9.1 
mg/L), followed by the Blackfoot River (9.8 mg/L), while the two sites 
downstream  o f the reservoir were equivalent (10.2 mg/L). Dissolved oxygen 
levels fluctuated slightly over the course of the study but no clear trend was
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evident and the assumption of river-scale geochemical equilibrium was not 
contradicted.
The pH results were sim ilar between the sites during each o f the sampling 
events. A lthough slight variations were documented between sample dates, 
each o f the readings collected during individual events were within the assigned 
+/-5%  uncerta inty (Figure 9). The overall results ranged between 7.5 and 8.9, 
w ith a standard deviation of 0.36 pH units (Table 3). Each mean pH level fo r the 
fou r sites was within the assumed uncertainty. The relative consistency o f pH 
between the sample sites, and over the course of the study, provides further 
evidence of probable equilibrium.
4.4  Tem poral Discharge Variation in Relation to Sampling events
Suspended sediment samples were collected during seven sampling 
events from  March to July 1997. The events were scheduled according to 
changes in river discharge with the overall objective o f evaluating the changes in 
suspended sedim ent and particulate geochemistry as spring runoff evolved. The 
respective trends and conditions of river flow, in relation to the tim ing of each 
sam pling event, are important in considering the controls o f suspended sedim ent 
and particulate element concentrations. These results and potential controls are 
discussed in subsequent sections.
The first sampling event was conducted on March 20, 1997 during the 
initial seasonal increase in discharge (Figure 6). Discharge below the Milltown 
Reservo ir had increased from a base flow level o f approximately 1,600 cubic feet 
per second (cfs) to 3,950 cfs during the preceding four days. The m ajority o f the
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increase in discharge below the reservoir was contributed by changes in the 
C lark Fork River above Milltown Reservoir, which increased almost 3-fold from 
952 cfs on March 16̂ *̂  to 2,740 cfs on March 20^^. The Blackfoot River flow 
increased during this period, but to a lesser degree as discharge changed from 
693 cfs to 1,180 cfs.
Discharge continued to generally increase following the March 20^ 
sampling event fo r approximately one week and then gradually returned to levels 
equal to or below the March 20^ levels by the second week of April. A sharp 
increase in discharge occurred in the Blackfoot River beginning in m id-April and 
continued for approxim ately one week as flow increased over 3.5-fold to a short­
term  peak o f 5270 cfs on April 23^\ the date o f the second sampling event. 
D ischarge in the Clark Fork River above Milltown Reservoir (Turah Bridge) also 
increased during this period, but only by approximately 2-fold to reach 3,010 cfs 
on April 23^^ Discharge below the reservoir reflected the changes observed 
upstream as flow  increased from 2,850 cfs on April 12^  ̂ to a short-term peak of 
8,430 cfs on April 23'”̂ .
Discharge conditions in both rivers were relatively stable during the ten 
days following the second sampling event and then sharply increased beginning 
M ay 3̂  ̂ until the seasonal peak measured at Deer Creek Bridge on May 18^* 
(26,400 cfs). The Blackfoot River discharge also peaked on May 18**̂  at 15,800 
cfs while the Clark Fork River at Turah Bridge reached its seasonal peak on June 
2^^ at 9,530 cfs, with a short-term peak of 8,920 on May 18̂ *̂ . The third sampling 
event was conducted on May 12^  ̂ during the sharp rising limb of spring runoff
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and the fourth sampling event was conducted on May 20^ near the seasonal 
peak flow.
The Blackfoot River discharge, along with the Clark Fork River discharge 
at Deer Creek Bridge, decreased sharply following the May 18**̂  peak to a short­
term  low o f 17,400 cfs and 10,300 cfs, respectively, on May 23^L The Blackfoot 
River flow  fluctuated for the next two weeks before beginning a steady decline to 
low flow  conditions. The Clark Fork River discharge at Turah Bridge remained 
relatively stable between May IB̂ *̂  and June 16*^, followed by a steady decline to 
low flow  conditions. The fifth, sixth, and seventh sampling events were 
conducted on June 4̂ *̂  (during relatively high flow conditions), on June 25^ 
(during the steady decline in discharge), and on June 24^ (when discharge was 
returning to base flow conditions), respectively.
4.5 Com parison of Suspended Sediment Concentration and River 
Discharge
Suspended sediment samples were collected from the Clark Fork and 
Blackfoot rivers over a range o f flow conditions. The tim ing and magnitude of 
discharge variation appears to have exerted strong control over suspended 
sedim ent concentrations in both rivers. However, these factors appeared to 
affect the rivers differently. Specifically, the tim ing of discharge variation strongly 
influenced the Clark Fork River sediment concentration fluctuations while the 
B lackfoot River appeared to be more controlled by the relative magnitude of 
discharge.
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Suspended sediment samples were also collected daily by the USGS at 
the Turah Bridge and Deer Creek Bridge Clark Fork River sample sites during 
the study period (Dodge et al., 1998). The USGS results correlated well with the 
results o f this study (R^ > 0.9), indicating effective sample collection and accurate 
m easurem ent methodologies were utilized (Figure 10). The USGS did not collect 
daily suspended sediment samples from the Blackfoot River during the study 
period. Instead, the USGS calculated suspended sediment concentration for the 
B lackfoot River using two regression equations; one fo r January through May, 
and another for June through December (Dodge et al., 1998). The correlation 
between the suspended sediment concentrations measured in this study and 
those calculated for the sample dates using the USGS regression were relatively 
poor (R^ = 0.6). However, this discrepancy is most likely a result o f the limited 
data and subsequent large uncertainty associated with the USGS regression 
equations (Figures 11 and 12).
Each of the USGS regression equations for suspended sediment were 
developed using relatively small data sets (14 samples each) that were collected 
from  1993 to 1997. Consequently, the regressions contain relatively significant 
uncerta inty based on the plotted data provided (USGS, 2002, personal 
com m unication). Figures 11 and 12 are presented with the limits o f variability 
added to illustrate the approximate uncertainty. The figures show approxim ately 
1.0 and 0.5 log units o f variability fo r the January through May and June through 
Decem ber regressions, respectively. Therefore, the uncertainty is approxim ately 
± 5-10 tim es the predicted values, which is much greater than that fo r any of the
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measured variables used in this work. This level o f uncertainty lim its the 
effectiveness o f the regression equations for determining suspended sediment 
loads in Blackfoot River and subsequent mass balances fo r Milltown Reservoir. 
This topic is discussed in more detail in the Mass Balance Section 4.8.3 below.
4.5.1 General Relations
Suspended sediment concentration was significantly higher in the Clark 
Fork River at Turah Bridge than in the Blackfoot River during the initial event and 
the final two sampling events (Figure 13 and Appendix A). The Blackfoot River 
contained higher levels o f suspended sediment during the peak river flow 
sam pling event conducted May 20*^. Suspended sediment levels were 
statistically equal between the two sites for the other three sampling events (April 
23"^ ,̂ May 12^% and June 4̂ *̂ ). The Clark Fork River at Deer Creek Bridge 
contained suspended sediment at concentrations between the levels in the 
Blackfoot River and in Clark Fork River at Turah Bridge during the initial and final 
two sampling events and was less than both of the upstream samples sites on 
April 23^^ and June 4*  ̂ (Figure 13). Suspended sediment concentration at Deer 
Creek Bridge was greater than both of the upstream sites on May 20**̂ , and was 
equal to the Turah Bridge site and greater than in the Blackfoot R iver on May 
12^ \
4.5.2 Clark Fork River at Turah Bridge
The highest suspended sediment concentration in the Clark Fork at Turah 
Bridge was measured during the first sampling event on March 20^^ at 656 mg/L
(+/- 9mg/L), (Figures 14a-f and Appendix A). On April 23^\ suspended sedim ent
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had decreased to 78 mg/L (+/- 36 mg/L). Subsequently, as discharge increased 
during the primary rising limb of runoff, suspended sediment concentration 
increased to 178 mg/L (+/- 22mg/L) on May 12̂ *̂ . Sediment levels remained 
relatively stable during the next sampling event on May 20^ at 163 mg/L (+/- 11 
mg/L), although discharge had increased from 5,370 cfs to 8,180 cfs. On June 
4**̂ , during the highest discharge level at Turah Bridge during a sampling event 
(8,710 cfs), suspended sediment had decreased to 126 mg/L (+/- 11 mg/L). As 
discharge decreased during the next two sampling events, suspended sediment 
also decreased, with concentrations o f 44 mg/L (+/- 2 mg/L) and 14 mg/L (+/- 
1 mg/L), respectively.
The highly elevated initial suspended sediment concentration may have 
been caused by a combination of processes. During recessional flow events and 
low flow  conditions, fine-grained sediment may be deposited on the streambed or 
along the river banks such as on point bars, in eddies, and in back-water areas. 
A t the onset o f spring runoff, fine-grained sediment would thus be in plentiful 
supply. W hen discharge increases sharply, as observed during the March 20^ 
sampling event, a large portion of the sediment could be mobilized and 
transported as an initial slug of suspended sediment. The suspended sediment 
concentrations m ay then decrease, even as discharge increases, because the 
source o f fine-grained sediment would have been depleted.
W hen graphed with discharge as the abscissa, the concentrations 
measured after the first event form a clockwise loop (Figure 14a). The observed 
hysteretic relationship between discharge and suspended sediment follow ing the
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first sampling event is most likely the result o f continued depletion or exhaustion 
o f fine-grained sedim ent as spring runoff progresses. Therefore, the Clark Fork 
R iver was not able to erode and transport sediment in proportion to the changes 
in discharge (Figure 14b). The looped relation may, in part, be the result o f an 
increased percentage of subsurface recharge in comparison to other discharge 
sources as runoff evolves. These processes are well documented in streams 
that are subject to high seasonal flow variations and have also been observed in 
streams during storm events (Brooks et al., 1991; R.H. Meade et al., 1990; 
W alling and W ebb, 1987; Beschta, 1987; Sharma et al., 1984; and Gregory and 
W alling, 1973).
4.5.3 Blackfoot River
On March 20^ and April 23'^  ̂ suspended sediment measured 55.7 mg/L 
(+/- 0.7 mg/L) and 51.0 mg/L (+/- 3.6 mg/L), respectively, in the Blackfoot River at 
the Swinging Bridge (Figures 14c-d and Appendix A). The concentrations were 
essentia lly equal during these first two sampling events even though discharge 
had increased by a factor of 4.5. Suspended sediment concentrations increased 
steadily during the next two sampling events (May 12*^ and May 20** )̂ as 
discharge increased. The concentrations fo r these events measured 143 mg/L 
(+/- 15 mg/L) and 193 mg/L (+/- 11 mg/L), respectively. Suspended sedim ent 
concentrations then decreased steadily during each of the subsequent three 
sam pling events as discharge declined.
The overall relationship between discharge and suspended sedim ent 
concentration fo r the Blackfoot River at the Swinging Bridge is relatively linear.
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The least squares linear regression indicates that 82.9% (R^ = 0.0829) o f the 
changes in sediment concentration can be attributed to variation in discharge. 
This correlation may indicate that the Blackfoot River and the Clark Fork River 
erode and transport sediment differently. As discussed above, the C lark Fork 
R iver appears to erode and store sediment during low flow conditions and 
possib ly during the falling limb o f discharge variation events. The Clark Fork 
then transports this stored sediment during increases in flow  but is unable to 
erode additional sediment in proportion to changes in discharge. Conversely, the 
B lackfoot River does not appear to exhaust its sediment supply as flow  increases 
and also does not appear to store significant quantities o f eroded sediment 
during lower flow  conditions. These observations indicate that the Blackfoot 
R iver erodes and transports sediment in proportion to increases in discharge and 
tha t lower rates of erosion and/or storage of sediment occurs at low flow  
conditions. The consequence of this is lower suspended sedim ent 
concentrations in the Blackfoot River than in the Clark Fork River during the initial 
seasonal increase in discharge and higher suspended sediment concentrations 
as discharge continues to rise toward peak flow.
4.5.4 Clark Fork River at Deer Creek Bridge
Suspended sediment concentration at Deer Creek Bridge was measured 
a t 115 mg/L (+/- 2 mg/L) during the first sampling event on March 20^ (Figures 
14e-f and Appendix A). The concentration decreased to 35.4 mg/L (+/- 1.6) by 
the next event on April 23^% even though river discharge more than doubled 
during this period, increasing from 3,950 cfs to 5,270 cfs. The concentration
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increased during the next two sampling events as discharge continued to 
increase. The peak sediment concentration was measured at 227 mg/L (+/- 25 
m g/L) during the peak flow event on May 20*^. Over the final three sampling 
events, suspended sedim ent concentration successively decreased with the 
greatest decrease occurring during the initial decline in river discharge.
In general, the trend in suspended sediment concentration observed 
below M illtown Reservoir appears to be a combination o f the trends observed in 
the B lackfoot River and the Clark Fork River at Turah Bridge. The highest 
suspended sedim ent level was measured during the initial sampling event. 
Concentrations decreased as discharge stabilized and then increased as 
discharge increased. Sediment levels began to decline prior to peak runoff and 
then declined at a faster rate than the observed increase that occurred during the 
rising limb of runoff. The relation of suspended sediment and discharge was 
m oderately linear (R^ = 0.549) and a clockwise looped relation was again 
present, indicating continued depletion of fine-grained sediment as runoff 
evolved.
4.6 Com parison of Particulate Elem ent Concentrations, River Discharge, 
and Suspended Sedim ent Concentrations
The specific relations between the twenty-two individual particulate 
e lem ent concentrations and discharge varied. However, basic trends are evident 
at each sample site. In order to effectively discuss the specific results fo r each 
e lem ent in relation to discharge and suspended sediment at each site, the
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twenty-tw o elements are separated into five groups based on sim ilar tem poral 
trends.
4.6.1 General Relations
The majority of the overall particulate element concentrations at Tu rah 
Bridge did not exhibit a strong relationship to discharge, indicating that simple 
dilution, or concentration o f the respective elements, was not a factor over the 
study period as a whole (Table 4, Figures 15-36[a,b]). Comparison o f the 
respective elem ent concentrations with suspended sediment concentrations at 
Tu rah Bridge also shows a sim ilarly poor correlation (Table 4 and Figures 12- 
33[g]). However, if the first sampling event (March 20*^) is excluded in the 
com parison, most elements have a moderate to strong correlation to suspended 
sedim ent concentrations at Tu rah Bridge, Figures 15-36(g) illustrate the 
correlation for both the entire study period and the period following the initial 
sam pling event. The majority o f the elements at Tu rah Bridge also have a 
stronger logarithm ic correlation to suspended sediment than a linear correlation. 
Table 4 and Figures 15-36(g) present the best correlation for each of the periods 
discussed.
Although dilution effects are not evident over the study period as a whole 
at Tu rah Bridge, a clear dilution trend is apparent after the initial sampling event. 
In o ther words, increases in discharge generally resulted in proportional 
decreases in respective particulate element concentrations during this period. 
This trend likely may have been controlled by suspended sediment grain-size 
changes. As discharge increases, the competency of the river to erode and
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transport sedim ent increases and fine-grained sediment stored in the channel 
m argins is likely depleted, resulting in a coarser grained sediment load. As 
discussed previously, elements associated with adsorption, coprecipitation, and 
com plexing, such as the metals that are the focus of this study, would be 
expected to decrease in concentration as grain-size increased due to the lower 
ratio o f surface area to volume. Forstner and W ittmann (1979) documented a 
s im ilar inverse relationship between trace metal concentration and discharge in 
the Rhine River, Germany. Horowitz (1984) reported that this inverse 
relationship would be expected in large rivers and is possible in smaller rivers. 
Unfortunately, grain-size analysis could not be performed for any of the samples 
collected to confirm this relationship, due to limited sample volume.
The majority o f the elements measured in the Blackfoot River show a 
consistent inverse linear relationship to discharge (Table 4 and Figures 15- 
36[c,d]). Therefore, sediment grain-size changes appeared to be the primary 
process controlling element concentrations as spring runoff evolved in the 
B lackfoot River. Correlation between element concentration and suspended 
sedim ent also exhibits a strong inverse linear relationship, further indicating a 
connection between grain-size and element dilution (Table 4 and Figures 15- 
36[h]).
As with suspended sediment concentrations, the Clark Fork River at Deer 
C reek Bridge exhibited a combination of the trends observed at the two upstream 
sam ple sites fo r particulate elements. The overall correlation between element 
concentrations and discharge ranged from poor to strong, with several elements
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showing a logarithm ic relationship (Table 4 and Figures 15-36[e,f]). W hen a 
s ignificant trend was present, it indicated an inverse correlation to both discharge 
and suspended sediment. This observation provides evidence that discharge 
related sedim ent grain-size increases might have also resulted in element 
dilution below Milltown Reservoir.
4.6.2 Group A - Ai, Co, Fe, K, Li, Mg, Mn, Na, Ni, V
The elements in Group A  did not exhibit a strong correlation to discharge 
in the Clark Fork River at Turah Bridge for the study period as a whole (Table 4 
and Figures 15-36[a,b]). W ith the exception of Co, Fe, and Na, each element 
remained at a stable concentration from the initial sampling event through the 
peak discharge-sam pling event on June 4“ .̂ Co and Fe decreased slightly from 
March 20^ to April 23"̂  ̂ and then returned to the approximate initial concentration 
on June 4^ .̂ Na decreased from April 23 to May 12*^, remained stable through 
May 20^% and then Increased to near the initial concentration on June 4^ .̂ Na 
was below the POL on March 20*^. Each of the ten elements in Group A 
increased to the ir respective peak concentration as discharge declined between 
the June 4*  ̂and June 25^ sampling events.
The trend observed at Turah Bridge for the Group A elements shows that 
the primary discharge related changes in concentrations occurred during the 
falling limb o f spring runoff. Suspended sediment relations to element 
concentrations also support this conclusion (Table 4, and Figures 15-36[g]). The 
lowest level o f suspended sediment, and presumably the finest grain-size, was 
measured during the final sampling event, which corresponds with the peak in
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e lem ent concentrations. Therefore, grain-size effects appear to have led to 
h igher e lem ent concentrations as discharge waned. Excluding the final sampling 
event and the initial sediment-flushing event, suspended sedim ent levels 
changed at a lesser magnitude, resulting in relatively stable Group A  element 
concentrations.
In the Blackfoot River, nine o f the ten elements in Group A  appeared to be 
controlled by variation in discharge levels (Table 4 and Figures 15-36[c,d]). 
L inear regression o f each o f these nine elements revealed moderate to strong 
corre lations (R^ values = 0. 505 [Li] to 0.964 [Al]) indicating discharge variation 
was responsible for respective element concentration changes. Mg was the only 
exception to this trend as concentrations were stable during the first three 
sam pling events, declined on May 20^ at peak flow for the Blackfoot River, and 
then steadily increased during each subsequent event as discharge decreased. 
A lthough the majority o f the elements in Group A exhibited linear behavior with 
respect to discharge, eight o f the ten elements (Co, Fe, K, Li, Mg, Mn, Na, V) 
were measured at their peak concentration during the final sampling event on 
June 25**̂ , even though discharge was significantly higher at this point than 
during the initial sampling event (4490 cfs vs. 1180 cfs). Al and Ni were 
exceptions to this trend as they were less than and equal to, respectively, March 
20̂ *̂  concentrations.
The consistent inverse linear relationship observed for the Group A 
e lem ents in the Blackfoot River indicates that the respective elem ent 
contributions do not maintain a comparable input as discharge increases.
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Suspended sedim ent concentrations also have strong correlation to Group A 
elem ent concentrations (Table 4 and Figures 15-36[h]). Therefore, dilution by 
increasing sedim ent grain-size appears to control element concentrations in the 
B lackfoot River. Correlation between Group A elements and suspended 
sedim ent concentrations in the Blackfoot River support this conclusion.
Below Milltown Reservoir at Deer Creek Bridge, the ten Group A  elements 
exhibited a combination of the trends observed in the Blackfoot River and Clark 
Fork R iver at Turah Bridge (Table 4 and Figures 15-36[e,f]). The majority o f the 
elem ents behaved in an inverse linear fashion with respect to discharge, but to a 
lesser degree. Correlation of determ ination values for Al, Co, K, Mn, Na, and V 
ranged between 0.766 for Mn to 0.588 for V. Fe and Ni exhibited moderate 
inverse linearity with correlation of determination values o f 0.379 and 0.445, 
respectively. Due to the absence of linear trends upstream. Mg and Li 
concentrations were not linear to discharge at Deer Creek Bridge.
The trend observed in the Clark Fork at Deer Creek Bridge indicates that a 
com bination o f the upstream processes was also occurring below Milltown 
Reservoir with respect to suspended sediment concentrations. The majority o f 
the Group A elem ents exhibited at least a moderate correlation with suspended 
sedim ent concentration, again suggesting that grain-size effects were present 
(Table 4 and Figures 15-36[i]). The dampening o f the overall correlation at Deer 
C reek Bridge resulted from the general weak correlation observed at Turah 
Bridge over the study period.
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4.6.3 Group B — As, Cu, Pb, Zn
The four elements in Group B (As, Cu, Pb, and Zn) differ from the trend 
observed at Turah Bridge for Group A during the initial period of spring runoff. 
Particulate As, Cu, Pb, and Zn concentrations each decrease from the first 
sam pling event on March 20^ to the next event on April 23"̂  ̂ (Figures 16[a,b], 
21 [a,b], 31 [a,b], and 36[a,b]). The concentrations then remained relatively stable 
through the peak runoff-sampling event on June 4^ .̂ Sim ilar to the Group A 
elem ents, particulate As, Cu, Pb, and Zn concentrations increased significantly 
during the falling limb of runoff. The peak concentration for each o f the Group B 
elem ents was measured during the final sampling event on June 25*"̂ .
The general trend exhibited by the three Group B elements are sim ilar to 
the Group A  elements at Turah Bridge, with respect to suspended sediment. 
Following the initial event, suspended sediment and element concentration 
remained relatively stable during the period of discharge increase (Figures 16g, 
21 g, 31 e, and 36g). Once river flow declined, suspended sedim ent levels 
decreased and elem ent concentrations increased. Therefore, the Group B 
elements, which are each primary contaminants derived from upstream mining 
operations, again show tha t grain-size effects are important in controlling 
elem ents concentrations.
Particulate As, Cu, and Zn concentrations in the Blackfoot River were 
generally sim ilar to trends observed in Group A (Figures 16[c,d], 21[c,d], and 
36[c,d]). W ith the exception o f the first sampling event, Pb was not detected 
above the POL in the Blackfoot River and thus is not discussed. Each of the
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other Group B elements were detected above PQLs for each sampling event and 
exhibited strong inverse correlation to discharge, and potential grain-size 
concentrations effects, with values ranging between 0.793 (As) and 0.889 
(Zn) (Table 4).
Deer Greek Bridge samples again indicated that a combination of the 
trends observed at the two upstream sites occurred (Figures 16[e,f], 21[e,f], 
31 [c,d], and 36[e,f]). The temporal changes in Group B element concentrations 
were m oderately correlated with discharge. The values for As, Cu, and Zn 
w ere 0.648, 0.470, and 0.479, respectively (Table 4). These values were 
between the correlations observed at Turah Bridge and in the Blackfoot River. 
Particulate Pb was also detected above PQLs at Deer Creek Bridge and 
exhibited a moderate correlation to discharge (R^ = 0.670). Although the overall 
relationships at Deer Creek Bridge for each o f the Group B elements were 
relatively linear, each element concentration was also relatively stable between 
April 23'’'̂  and May 20, as observed in the Clark Fork River.
4.6.4 Group C — Cr, 77
The two elements in Group C differ from the previous two elem ent groups 
by the ir trend exhibited during the beginning of spring runoff (Figures 22[a-f] and 
34[a-f]). A t Turah Bridge, both Group C elements were measured at the ir lowest 
concentration during the first sampling event on March 20*^. Following an 
increase in concentration from March 20^ to April 23^\ Cr decreased on May 12*  ̂
and then remained stable through May 20*^. Cr then increased slightly on June 
4̂ *̂  and was followed by a more significant increase to a peak concentration on
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June 25 '̂ .̂ Particulate Ti increased at Turah Bridge, following the initial sampling 
event, and then remained stable in concentration through the peak runoff event 
on June 4**̂ . S im ilar to Cr and the majority o f the measured elements, peak Ti 
levels were then measured at peak value on June 25^ as discharge declined.
Particulate Cr and Ti concentrations in the Blackfoot River moderately 
and strongly correlated to discharge variation, respectively (Table 4). W ith the 
exception o f the initial sampling event, Cr levels exhibited an inverse response to 
discharge changes. Particulate Cr levels approximately double from March 20^ 
to April 23"̂ .̂ During the subsequent sampling events, Cr concentrations were 
inversely related to discharge with the peak concentration occurring June 25^. 
However, due to the low Cr level measured on March 20*^, the overall correlation 
was only 0.382. Particulate Ti levels closely responded to discharge changes 
with an inverse relation correlation coefficient of 0.943.
Group C concentration trends were relatively sim ilar for both elem ents at 
Deer Creek Bridge. Particulate Cr and Ti concentrations increased from  March 
20̂ *̂  to April 23^\ with Cr increasing to a greater extent. Concentrations fo r both 
elem ents decreased on May 4̂ *̂  and remained stable through May 20^\ Both 
elem ents then increased in concentration over the last two sampling events on 
June 4̂ *̂  and June 25^, with peak levels measured during the final event. The 
trends observed at Deer Creek Bridge again appeared to be a mix o f those 
observed at Turah Bridge and in the Blackfoot River.
The relatively low concentrations of Cr and Ti observed during the initial 
flushing event may indicate that the sediment source for this event was depleted
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in these two elements. Moderate to strong correlation of Cr and Ti to suspended 
sed im ent concentrations were present at each of the sample sites (Table 4 and 
Figures 22[g-i] and 34[h-i]). Therefore, grain-size appeared to affect Cr and Ti 
concentrations over the course o f the study, both above and below o f the 
reservoir.
4.6.5 Group D -  Cd, P, Sr, S
The elements in Group D exhibit a common relationship to discharge at 
each of the three primary sample sites. Particulate Cd, P, Sr, and S behaved in 
a linear fashion to discharge at each site with correlations ranging between 0.471 
fo r Cr at Deer Creek Bridge and 0.972 for P in the Blackfoot River (Table 4 and 
Figures 19[a-d], 30[a-f], 32[a-f], and 33[a-f]). Particulate Cd was not detected 
above the PQL in the Blackfoot, with the exception of the initial sampling event. 
Therefore, it could not be evaluated in relation to discharge in subsequent 
events. Nonetheless, Cd did exhibit an inverse linear relation to discharge in the 
C lark Fork River at Turah Bridge and at Deer Creek Bridge. Particulate 8  was 
not detected above the PQL at any of the three sites on March 20^ and April 
23'^^. However, during the four subsequent sampling events, 8 was detected 
above the PQL and exhibited a strong inverse linear relation to discharge at each 
site over this period. The overall trend of each of the Group D elements indicates 
tha t the respective temporal concentrations at each site may have been 
controlled by coarsening o f the suspended sediment load, which resulted in the 
dilution effects discussed previously. Comparison of suspended sedim ent
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concentration to Group D element concentrations also supports this conclusion 
(Table 4 and Figures 19[e,f], 30[g-i], 32[g-i], and 33[g-i]).
4.6.6 Group E — Ba, Ce
Group E elements Ba and Ca exhibited specific trends at Turah Bridge 
tha t were not observed with other elements. Particulate Ba concentration did not 
change significantly throughout the study period at Turah Bridge (Table 4 and 
Figures 17a-b). Conversely, a very strong inverse linear correlation (R^= 0.977) 
was present in the Blackfoot River (Table 4 and Figures 17[c,d]). As with other 
elem ents, particulate Ba concentrations at Deer Creek Bridge show a 
com bination o f the Blackfoot River and Turah Bridge trends (Figures 16[e,f]). A 
w eak to m oderate correlation to discharge was present, with a relatively strong 
correlation to suspended sediment concentration (Table 4 and Figures 17[g-i] 
and 18[g-i]). Grain-size effects appear to act as the primary control on Ba 
concentration in the Blackfoot River, are moderately important at Deer Creek 
Bridge, and are unrelated to Ba levels at Turah Bridge. In other words, coarser- 
grained sedim ent at Turah Bridge appears to contain sim ilar concentrations of 
particulate Ba.
Particulate Ca displayed a strong inverse linear correlation to discharge at 
Turah Bridge (R ^= 0.928), but had a poor correlation in the Blackfoot River (R^ = 
0.066) (Table 4 and Figures 18[a-d]). The correlation was relatively poor at Deer 
Creek Bridge (R^ = 0.263) (Table 4 and Figures 18[e,f]). Suspended sedim ent 
concentration relations to Ca concentrations were moderate to poor at each o f 
the sites (R^ = 0.428 to 0.246) (Table 4 and Figures 18[g-i]). However, if the
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initial sam pling event is excluded at Turah Bridge, the correlation o f 
determ ination value improves from 0.246 to 0.578. The unusual lack o f a strong 
correlation between Ca and discharge in the Blackfoot River is interesting 
because it is the only element in this study that was enriched in the Blackfoot 
R iver as compared to the Clark Fork River. Apparently, grain-size effects 
contribute to variations in Clark Fork River Ca levels, but these effects are less 
evident in the Blackfoot River.
4.7 Load Com parisons
Suspended sediment and particulate element loads were calculated for 
each o f the primary sample sites using equations 1 and 2. As these equations 
illustrate, suspended sediment load is calculated as the product o f suspended 
sedim ent concentration and discharge. Particulate element loads are calculated 
as the product o f sediment load and the respective element concentration. 
Tem poral load variations were investigated for suspended sedim ent and for 
particulate elements at each sample site. The relative loads between the sites 
varied as spring runoff evolved.
4.7.1 Suspended Sediment
Suspended sediment loads above Milltown Reservoir were higher in the 
C lark Fork River than in the Blackfoot River during the initial rising limb and 
during the late falling limb o f spring runoff (Figure 37 and Appendix D). The 
B lackfoot River suspended sediment load input into Milltown Reservoir was 
higher than the Clark Fork River's during the peak flow period. The greatest
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overall load was measured in the Clark Fork River at Deer Creek Bridge during 
the peak sampling event on May 20*^.
During the initial sampling event on March 20^, suspended sediment load 
in the C lark Fork River (50,900 g/s +/- 5,140 g/s) was over two and one half 
orders o f magnitude higher than in the Blackfoot River (1,860 g/s +/- 187 g/s), 
due to both higher river discharge and suspended sediment concentration. 
Based on the sediment load duration curve fo r the 1985 to 1995 water years, the 
initial suspended sediment load measured at Turah Bridge was equal to a level 
tha t occurs approximately once every 3 years (Figure 38). The unusually high 
sedim ent load may have been created by the rapid increase in discharge (Figure 
6) in conjunction with an increased amount o f available sediment originating from 
the 1996 ice-jam event.
By the second sampling event, the sediment loads between the Blackfoot 
R iver and the Clark Fork River at Turah Bridge were approximately equal (Figure 
37). As runoff continued, the Blackfoot River sediment load increased in relation 
to the C lark Fork River at Turah Bridge. The Blackfoot River transported 41%, 
79% , and 29% more sediment during the May 12̂ *̂ , May 20^^, and June 4*  ̂
sam pling events, respectively, than the Clark Fork at Turah Bridge (Appendix D). 
F igure 39 presents a photo o f the reservoir on May 20*' .̂ The photo illustrates the 
greater sedim ent load that was delivered to the reservoir by the Blackfoot River 
com pared to the Clark Fork River. Suspended sediment load decreased 
significantly during the final two sampling events on June 25^ and July 24*^, with
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higher loads measured at Turah Bridge than in the Blackfoot River during each 
event.
The loads measured below the reservoir at Deer Creek Bridge varied in 
magnitude over the course of the study (Figure 37 and Appendix D). The 
respective changes in relation to the upstream sources are discussed in detail in 
the Mass Balance section below. In general, suspended sediment load was 
greatest during the peak stream flows, with the highest load measured on May 
20^ at 135,000 g/s (+/- 20,100 g/s). Sediment load decreased to its minimum 
level o f 507 g/s (+/- 65g/s) during the final event on July 24**̂ . Sediment load at 
Deer Creek Bridge during the initial flushing event was estimated to be 12,800 
g/s (+/- 3,950 g/s), decreased to 8,440 g/s (+/- 930 g/s) on April 23^\ and then 
increased as discharge increased to peak levels.
4.7.2 Particulate Elements
The overall tem poral trend in particulate element loads at the three sites 
was sim ilar to that o f suspended sediment loads (Figures 40 through 47 and 
Appendix D). The peak element loads at Turah Bridge occurred during the initial 
sampling event (March 20^^), decreased during the next event (April 23’'*̂ ), and 
then increased as discharge increased. The minimum element loads at Turah 
Bridge occurred during the final sampling event fo r chemical analysis on June 
25*" .̂ The B lackfoot River element loads increased and decreased according to 
discharge variation for most elements. The element loads at Deer Creek Bridge 
also generally varied according to discharge with the exception of the second 
sam pling event on April 23^ when most element loads decreased. Deer Creek
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Bridge elem ent loads in relation to upstream sources are discussed in detail in 
the Mass Balance section below.
Particulate element loads for Al, As, Ca, Cr, Cu, Mn, and Zn in the 
B lackfoot River, Clark Fork River at Turah Bridge, and at Deer Creek Bridge 
provide exam ples of the relative variations observed above and below Milltown 
R eservo ir fo r individual elements. These elements were also chosen because 
they are e ither known contam inants or are important in understanding controls o f 
contam inant transport through Milltown Reservoir. The complete load estimates 
fo r each elem ent at each of the primary sample sites are provided in Appendix D.
Particulate As, Cu, Mn, and Zn loads exhibited sim ilar trends over the 
study period (Figures 41, 44, 46, and 47). Each of these element loads was 
significantly higher in the Clark Fork River at Turah Bridge than in the Blackfoot 
R iver during the entire study. The peak load for each of these elements at Turah 
Bridge was measured during the initial sampling event. Each o f these loads also 
decreased during the second sampling event, increased as flow continued to 
increased over the next three sampling events, and then during the June 24^ 
event decreased to levels sim ilar to those found on April 23^1 The peak loads for 
these elem ents in the Blackfoot River were measured during the peak flow 
events on May 12**̂ , May 20**̂ , and June 4^ ,̂ but each load was considerably less 
than the respective loads measured at Turah Bridge during the same events. 
The relative trend observed between the two rivers for each of these elements 
was expected based on the significant enrichment of these elements in the Clark 
Fork River, as previously discussed (Table 2).
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Although the peak loads for As, Cu, Mn, and Zn were measured at Turah 
Bridge on March 20*^, the maximum loads at Deer Creek Bridge occurred on May 
12^^. W ith the exception of a slight decrease observed between March 20^ and 
April 23"̂ ,̂ loads fo r each of these elements varied in accordance with discharge 
changes during the remainder o f the study. The magnitude of the loads fo r these 
elem ents at Turah Bridge, during the initial sampling event, was also equal to or 
greater than that measured at Deer Creek Bridge during the peak flow  event on 
May 20^\ The particulate loads for Cd and Pb, which are also primary 
contam inants associated with the upstream mining operations, exhibited this 
trend as well (Appendix D). This observation is important because it indicates 
tha t the loads o f these six contaminants delivered downstream would have been 
greater during the initial period of spring runoff if the Milltown Reservoir was not 
present than the actual amount that was scoured from the reservoir during the 
peak runoff period. This initial load could have been more toxic because it was 
delivered at a discharge that was approximately 19% of the peak flow  volume 
when sedim ent was scoured (Figure 6) and, based on particulate element 
concentrations, the mean sediment grain-size may have been finer and thus the 
contam inants may have been more bio-available.
Particulate Al, Fe, and Cr are examples of elements that were 
docum ented to have sim ilar cumulative mean concentration in the Clark Fork 
R iver at Turah Bridge and in the Blackfoot River (Table 2). Consequently, with 
the exception o f the initial sampling event when suspended sediment 
concentration was significantly higher at Turah Bridge, the loads fo r these
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elem ents were generally similar. Particulate Cr and Fe loads were statistically 
equivalent between Turah Bridge and the Blackfoot River on April 23^\ May 12^\ 
M ay 20^% and June 4^ ,̂ and then were higher at Turah Bridge on June 25^ in 
response to the relatively higher suspended sediment levels (Figures 43 and 45). 
Particulate Al load was statistically equal on April 23^ and May and then was 
slightly higher at Turah Bridge during each subsequent sampling event (Figure 
40). Each of these elements peaked in load at Deer Creek Bridge during the 
peak flow  event on May 20*^, which was approximately twice as high as the next 
highest loads that occurred on May 12̂ *̂ , and over an order of magnitude higher 
than those measured on March 20^ (Figure 6).
Particulate Ca was the only element that was enriched in the Blackfoot 
R iver compared to the Clark Fork River (Table 2). As expected, Ca loads were 
equal to or greater in the Blackfoot River for each sampling event than at Turah 
Bridge w ith the exception o f the initial sampling event (Figure 42). During the 
peak flow  sampling events (May 12^ ,̂ May 20̂ *̂ , and June 4^), Ca loads in the 
B lackfoot River were more than twice the levels measured at Turah Bridge. At 
Deer Creek Bridge, Ca load was relatively stable during the first two sampling 
events and then increased significantly with discharge increases. The final 
sampling event contained the minimum Ca loads measured at Deer Creek and 




It was assumed that under high flow conditions, sediment would be 
scoured from  within the reservoir and mobilized downstream. To test this 
hypothesis, mass balances were calculated to determ ine under what conditions 
the reservoir acts as a sink, a source, or is conservative with respect to 
suspended sedim ent and particulate contam inant transport. The reservoir inputs 
consisted o f the combination of loads contributed by the Blackfoot and Clark Fork 
rivers, as calculated using equations 1 and 2. Therefore, these loads were 
added to predict the conservative load at Deer Creek Bridge. The actual load at 
Deer Creek Bridge was then compared to the predicted value to evaluate the 
effect o f the reservoir on sediment and particulate element transport. If the 
predicted load at Deer Creek Bridge was greater then the actual amount, then 
the reservoir was acting as a sink. Conversely, if the predicted load was less 
than the actual load then the reservoir was acting as a sedim ent source. 
Predicted and actual loads that were equal indicated that transport through the 
reservoir was conservative.
The level o f increase or decrease in load through the reservoir can be 
described as its ability to trap sediment. This characteristic can be described by 
quantifying the reservoir “trap efficiency", which is simply the percentage of 
increase or decrease in the respective constituent load below the reservoir as 
com pared to the predicted load. For example, if the predicted load at Deer Creek 
Bridge was 100 g/s and the actual load was 50 g/s then the reservoir would have 
50% trap efficiency. Conversely, if the predicted load was 100 g/s and the actual
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load was 150 g/s then the reservoir would have —50% trap efficiency, which 
would indicate that in addition to 100% of the sediment entering the reservoir, an 
additional 50% of the input load was being scoured and delivered downstream.
It was also possible to estimate the overall trap efficiency and thus the net 
im poundm ent o f the reservoir fo r the study period as a whole. This was 
accom plished by extrapolating the results for the event specific mass balances 
and then connecting the events using step functions. The area below or above 
the steps was then summed to estimate the net impoundment. The function 
steps were placed equidistance between each sample event and the overall 
calculation duration began and ended at the time of the initial and final sample 
events, respectively.
4.8.1 Suspended Sediment
The ability o f the reservoir to trap suspended sediment changed as spring 
runoff evolved (Figure 48 and Appendix D). During the initial sedim ent-flushing 
event observed in the Clark Fork River on March 20^^, the reservoir trapped 76% 
(+/- 13%) of the input sediment load. As discharge increased, the trap efficiency 
o f the reservoir decreased. On April 23^\ discharge at Deer Creek Bridge had 
increased from 3,950 cfs (+/-10%) to 8,430 cfs (+/-10%) and the trap efficiency 
declined to 41% (+/- 26%). As discharge at Deer Creek Bridge increased to peak 
levels, the measured loads at Deer Creek Bridge exceeded the predicted levels, 
indicating sedim ent scour was likely occurring within the reservoir. On May 12^ ,̂ 
d ischarge had decreased to 14,900 cfs (+/-10%) and the trap efficiency had 
declined to -16% (+/- 19%). On May 20‘ ,̂ during the peak flow sampling event
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(21,000 cfs [+/- 10%]), the trap efficiency reached a low of -28% (+/- 21%), 
indicating 28% more sediment was leaving the reservoir than entering. During 
the three subsequent sampling events (June 4^ ,̂ June 25^, and June 24^), 
d ischarge waned and the trap efficiency increased in response.
The general trend observed for suspended sediment shows that under low 
and m oderate discharge levels, a significant portion of the sediment that enters 
the reservoir is deposited. This observation indicates that the reservoir was 
acting as a sink under these conditions. The reservoir also trapped a higher 
percentage o f sediment during the rising limb of runoff than during the falling 
limb. A portion of trend may have been related to the scour event caused by the 
1996 ice-jam. The significant sediment scour that was document in 1996 may 
have removed enough sediment from the reservoir to increase the short-term 
trapping efficiency.
Another potential factor leading to the high trap efficiency during the initial 
runoff period was preferential sedimentation in the upper reaches of the reservoir 
caused by géomorphologie differences between the two rivers. The highest 
suspended sediment loads were measured in the Clark Fork River on March 20*^. 
A  substantial portion of this load may have been deposited prior to reaching the 
reservoir, leading to inflated trap efficiency estimation. As discussed previously, 
the 5-m ile reach of the Clark Fork River between Turah Bridge and the reservoir 
is relatively gentle in gradient with increased channel braiding, including frequent 
sloughs, eddies, and backwater areas, in comparison to the Blackfoot River. The 
B lackfoot R iver is generally a single channel stream with less mature meander
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patterns and steeper gradient from the Swinging Bridge to the reservoir. 
Consequently, the Blackfoot River may be more capable of delivering suspended 
sed im ent from  the sample point to the reservoir, and over the dam, than the 
C lark Fork River.
A t 1997 peak flow levels, significant sediment scour and transport 
occurred, indicating that the reservoir was acting as a source for sediment. 
S ignificant sedim ent scour and transport downstream did not occur during the 
initial rising limb or subsequent falling limb of runoff. The correlation between 
discharge and trap efficiency is relatively strong with a correlation of 
determ ination (R^) of 0.644 (Table 5 and Figure 49). The equation fo r the linear 
regression o f the 1997 data indicates that the trap efficiency of the reservoir falls 
below zero, and thus sediment scour begins, when the total discharge flowing 
into the reservoir increases beyond approximately 16,400 cfs (Figure 49). This 
d ischarge level is approximately 1,000 cfs greater than the annual average in 
peak discharge (USGS, 2002), based on 70 years of flow records, indicating 
scour from  the reservoir may not occur during normal flow years. Previous 
modeling using HEC-6 fo r fifty years of flow records predicted significant erosion 
only at flows greater than 30,000 cfs, which have occurred only three times 
during the previous 70 years (Titan, 1995 and EMC2. 2000). The findings of this 
study indicate scour at lower flow conditions but both findings predict scour to 
occur only when discharge exceeds the annual peak mean.
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4.8.2 Particulate Elements
In general, the trend observed for particulate element transport through 
M illtown Reservoir is sim ilar to that observed for suspended sediment (Figures 
50[a-f] through 53[a-d] and Appendix D). The majority o f the input load for each 
e lem ent was trapped during the initial sampling event on March 20^. The trap 
effic iency documented for March 20^ ranged between 62% (Ti) and 78% (Cd). 
On April 23'̂ '̂ , deposition also appeared to occur for each element with trap 
effic iencies ranging between 8% (Li) and 38% (Mg). By May 12^\ most elements 
were transported conservatively through the reservoir as the input and output 
loads were relatively similar. By May 20^, during the peak flow period, significant 
scouring occurred within the reservoir. Trap efficiencies were as low as -111% 
(Li) w ith the majority o f the elements between -50% and -90% (Figures 50[a-f] 
through 53[a-d] and Appendix D). The ability of the reservoir to trap particulate 
elem ents increased as discharge declined over the subsequent sampling events. 
A  portion of the respective particulate element input loads were deposited within 
the reservoir over these two events, with element trap efficiencies between 10% 
and 25% for most elements during both events.
The primary particulate contaminants, As, Cd, Cu, Fe, Pb, and Zn, 
exhibited clear trends o f deposition within the reservoir during low to moderate 
flow  and scouring and transport downstream during peak flow (Figures 50b, 50d, 
51[b-d], and 53d). These elements were trapped at a minimum of 71% during 
the initial sampling event. The maximum reservoir scour of the primary 
contam inants was measured during the peak flow event, with the trap efficiencies
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ranging between -51% (As) and -88% (Pb). The mean trap efficiencies on May 
12**̂ , e ight days prior to the peak discharge-sampling event, also indicated that 
m ost o f these elements were scoured and transported downstream but to a 
lesser degree. As discharge decreased, the reservoir again began capturing a 
portion o f contam inant element load again. During the final two sampling events, 
the trap efficiency means were slightly positive for each contam inant element 
w ith the exception o f Cd and Pb on June 4^ ,̂ which were slightly negative. 
However, the particulate Cd and Pb mass balance results for each sampling 
event after March 20^ should be considered estimated results. The mass 
balance calculations for Cd and Pb were performed without input volumes for the 
B lackfoot R iver fo r each sampling event following March 20^ because these 
e lem ents were not detected above the respective PQLs. Therefore, the input 
loads for Cd and Pb, along with the subsequent trap efficiencies, were likely 
slightly underestimated. The general pattern of behavior during spring runoff can 
be ascertained for both elements however, as a clear trend of deposition during 
low to m oderate flow  and significant scouring during peak flows is apparent. The 
o ther six-contam inant elements were measured above PQLs at each site during 
each event, which permitted accurate and complete mass balance calculations 
fo r the entire study period.
The mass balance results show that the sediment trapping ability of 
M illtown Reservoir was inversely related to discharge levels. As discharge 
increased the trap efficiency decreased. Table 5 presents the correlation of 
determ ination between discharge and trap efficiency. Figures 54[a-f] through
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57[a-d] illustrate the individual relationships and also provide the linear 
regression equations. The correlation between discharge and percent trapped is 
strong fo r most o f the twenty-two elements, including the six contam inant 
elem ents (Table 5). The equation for the linear regression of the 1997 data 
indicates that the trap efficiency o f the reservoir falls below zero for most 
e lem ents when the total discharge flowing into the reservoir increased beyond 
approxim ately 14,000 cfs. Particulate Zn is predicted to scour at the lowest 
discharge of the primary contam inants o f 13,100 cfs (excluding Cd and Pb as 
discussed above). Particulate As, Cu, and Fe are predicted to scour when 
discharge exceeds 14,500 cfs, 14,400 cfs, and 14,200 cfs, respectively.
The predicted element scour discharge levels are approximately 2,000 cfs 
less than the level predicted for sediment scour to begin. The difference 
between these two estimates may be related to the correlation between 
particulate elem ent concentration and sediment grain-size. As previously 
discussed, the bulk o f the particulate element loads are associated with finer 
grained sediment. A lthough fine-grained sediment will be scoured throughout the 
high flow  period, the overall grain-size of the sediment will increase with 
increasing discharge. Therefore, the bulk of the sediment scoured and released 
downstream  will occur during the peak of the high flow  period. Consequently, the 
relation between sedim ent trapped and discharge will be shifted or biased to the 
higher flow  levels in comparison to the particulate element and discharge 
relations, which are shifted to the lower flow levels.
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4.8.3 Overall Mass Balance for Study Period
A portion o f the influent suspended sediment load was trapped within the 
reservoir throughout the study period with the exception of an approximate three- 
w eek period during peak runoff (Figure 58). The maximum suspended sediment 
load was trapped during the initial runoff period with approximately 3,800 tons 
im pounded per day. The maximum sediment loss occurred during peak river 
flow  when as much as 2,800 tons were scoured from the reservoir per day. As 
d ischarge waned, the reservoir returned to trapping conditions. However, the 
reservoir impounded sediment at a lesser magnitude during the late runoff period 
than during the rising limb due to decreased upstream sediment availability and 
subsequent transport. The overall mass balance for suspended sediment 
indicates a net positive impoundment o f approximately 66,000 tons (Figure 58).
The individual element mass balances for the overall study period 
exhibited a trend sim ilar to that observed fo r suspended sediment. Particulate 
As, Cu, and Zn are illustrated in Figures 59, 60, and 61 as examples. Each of 
these contam inants was positively trapped over the study period as a whole, with 
net im poundments of 3.9 tons, 25.5 tons, and 30.5 tons, respectively. The most 
significant period of impoundment occurred during the rising limb o f runoff and 
each elem ent was scoured during the approximate three-week period o f peak 
river flow. The magnitude o f positive impoundment decreased during the failing 
limb o f runoff due to the declining particulate element loads associated with 
d im in ishing suspended sediment loads.
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Both the suspended sediment and particulate element overall mass 
balances show a positive net impoundment even though discharge levels 
reached 10-year flood conditions. However, this calculation should be 
considered approxim ate due to the inherent uncertainty associated with 
m easuring a dynam ic process with limited sample frequency. For example, it is 
possible that significant periods of impoundment or scour occurred during 
periods that samples were not collected and thus are not represented. Although 
effort was made to capture the collective effect of the reservoir on suspended 
sedim ent and particulate transport, given the resources available it was not 
possible to suffic iently characterize the reservoir’s behavior to allow conclusive 
determ ination o f w hether the reservoir was releasing or trapping sediment/metals 
over the study period as a whole. Nonetheless, the data does suggest, in 
conjunction with HEC-6 modeling performed by Titan (1995), that the reservoir 
has not reached capacity and consequently continues to trap a portion o f the 
influent sediment, especially during the early initiation of runoff events.
The USGS has calculated mass balances for Milltown Reservoir using 
daily-suspended sedim ent samples collected from the Clark Fork River at Turah 
Bridge and Deer Creek Bridge, along with regression estimates o f the suspended 
sedim ent loads in the Blackfoot River. However, the uncertainty associated with 
the Blackfoot River suspended sediment loads make these mass balances 
difficu lt to confirm  and not usable in conjunction with this study. The USGS 
regression estim ates appear to contain an error o f approxim ately +/- 5-10 times 
the predicted values (Figures 11 and 12), as discussed previously. Even when
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an uncerta inty as low as 50 percent Is included for the Blackfoot River load and 
propagated through the mass balance calculations, it is not possible to determ ine 
w hether the trap efficiency is positive or negative for the majority o f the study 
period, and the USGS predictions have much higher associated error. Only 
during periods when the Blackfoot River contributed significantly less sediment 
load to the reservoir than the upper Clark Fork is it possible to use these 
regression equations conclusively. Based on the findings of this study, the 
B lackfoot River contributed greater or equal sediment loads than the upper Clark 
Fork R iver from  April though most o f June. Therefore, the USGS regression 
equations cannot be used to determine with certainty, whether influent sediment 
was scoured or trapped within the reservoir during the primary period of sediment 
and contam inant transport.
4.8.4 Milltown Reservoir Operational Status During Sampling Events
Militown Reservoir is operated as a “run-of-the-river” reservoir. Therefore, 
the river outflow is managed to equal the inflow from the Blackfoot and Clark 
Fork rivers. Under normal conditions, the reservoir pool elevation is maintained 
at approxim ately 3,259.8 fee t amsi (above mean sea level), (EMC, 2001). W ater 
tha t enters the reservoir is capable of passing through three separate structures: 
a 220-foot w ide spillway, a 42.5-foot wide by 16.75-foot high radial gate, and a 
126-foot wide powerhouse intake structure (EMC2, 2001), (Figure 39). During 
normal operating conditions, water enters the powerhouse intake and excess 
flow  is released downstream  through the radial gate. During periods of increased 
river discharge, such as rainfall events or spring runoff, it is necessary to also
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re lease w ater through the spillway, which is equipped with 44 five-foot w ide by 8- 
foo t high removable panels. Each panel releases approximately 300 cfs when 
rem oved and each inch the radial gate is raised releases approximately 50 cfs 
(MPC, 1997a).
The operating condition o f the dam during the specific sampling events is 
im portant because it may affect the release or trapping of reservoir sediment. 
Table 6 presents the specific operating conditions during each sampling event 
(MPC, 1997b), including the corresponding suspended sediment trap efficiency. 
As expected, during the peak flow  events, the majority o f the panels were 
rem oved and the radial gate was opened to a greater extent than during the 
lower flow  events. On May 20*"̂ , the radial gate was opened 14.5 feet and 40 of 
the panels were out. On May 12**̂  and June 4^ ,̂ the radial gate was opened 
approxim ate ly 8 feet and 26 and 37 panels were out, respectively. In contrast, 
on M arch 20*^, the radial gate was opened approximately 4.5 feet and all the 
panels were in place. Although operational measures were developed to 
m inim ize sediment loading downstream during high flow events (EMC2), these 
procedures are unlikely to elim inate the increase in sediment scouring that 
results from  increased radial gate opening and panel removal. Therefore, the 
mass balance results, and documented loss of sediment from the reservoir 
during the peak flow sampling events, may have been strongly affected by 
necessary reservoir flow management operations.
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4.9 Specific Reservoir Processes
In addition to physical trapping of sediment, there are several processes 
tha t may affect particulate load transport through Milltown Reservoir. The 
prim ary processes include:
•  Preferential sedimentation by one of the input rivers
•  Scour o f sedim ent within the reservoir with higher particulate element 
concentrations
•  Grain-size related concentration changes
•  Geochemical changes (phase changes)
These processes can be evaluated by a combination of methods. Equation 4 
and 5 can be utilized to estimate the proportion of respective particulate inputs 
tha t are present at Deer Creek Bridge. Therefore, the occurrence of preferential 
deposition by the Blackfoot or Clark Fork rivers can be evaluated. Equation 3 
provides a comparison o f the particulate element concentration predicted below 
the reservoir to the actual concentrations measured at Deer Creek Bridge. 
Consequently, processes that may change particulate element concentrations 
such as scouring o f more contam inated sediment can also be assessed.
Changes in suspended sediment grain-size could also affect element 
concentrations. As discussed previously, the bulk o f the trace metals and 
arsenic are contained in fine-grained sediment (silt and clays). Therefore, if 
sedim ent grain-size increased or decreased during transport through the 
reservoir, contam inant concentrations would be expected to change accordingly. 
Due to the lim ited sample volume, it was not possible to conduct grain-size
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analyses. Therefore, the results could not be normalized directly to grain-size to 
rem ove its effects on particulate element concentrations, as is com m only 
perform ed (Moore et al., 1989). Instead, possible grain-size effects were 
evaluated by normalizing the results to Al, which as a central component o f clay 
can serve as a surrogate for sediment grain-size (Abraham, 1998; Summers et 
al.; 1996; Daskalakis and O ’Conner, 1995; and W indom et al., 1989).
Geochem ical changes, such as adsorption-desorption, dissolution- 
précipitation, or reduction-oxidation reactions, did not appear to strongly affect 
particulate elem ent concentrations during the study. This conclusion is based in 
part on the results reported by Mickey (1998), which showed that with the 
exception o f Mn, and possibly As, dissolved elements were transported 
conservatively through Milltown Reservoir. Dissolved Mn was attenuated in the 
reservoir during the initial sampling event on March 20*' ,̂ and then increased in 
net concentration during each subsequent sampling event. M ickey (1998) found 
that the net increase in dissolved Mn could be explained by a release o f Mn- 
elevated groundwater between the reservoir and Deer Creek Bridge during and 
after runoff. The maximum dissolved Mn mass balance difference observed by 
M ickey (+/-9 pg/L) is also well within the uncertainty or variation of the particulate 
e lem ent results and thus is not significant in this study.
M ickey (1998) also reported that dissolved As concentration may have 
increased slightly through the reservoir during the last two sampling events. 
A lthough the net As concentration increases were just within the reported 
m argins o f error, the potential changes correlated well with the estimated percent
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contributions of Mn and As contaminated groundwater discharge at Deer Creek 
Bridge. However, as with Mn, the maximum observed dissolved As 
concentration change through the reservoir reported by Mickey was is w ithin the 
uncerta inty o f this study.
Physio-chem ical parameter measurements provide additional evidence of 
geochem ical equilibrium. Dissolved oxygen and pH remained relatively constant 
both tem porally and spatially throughout the course of the study also indicating 
tha t m acro-scale phase changes did not occur.
4.9.1 River Mixing Relations
Particulate element concentrations and loads differed considerably 
between the Clark Fork River at Tu rah Bridge and the Blackfoot River at the 
Swinging Bridge fo r most elements, as discussed previously. Each o f the 
elem ents associated with mining operations (As, Cd, Cu, Fe, Pb, and Zn) were 
also significantly enriched in the Clark Fork River at Turah Bridge in comparison 
to the Blackfoot River (Table 2). Therefore, the degree to which the respective 
river particulate loads are transported through the reservoir will affect 
downstream  particulate element concentrations. In other words, if the mixing o f 
the two rivers is conservative, the downstream concentrations should reflect the 
proportional inputs above the reservoir. However, if flow  conditions or 
géom orphologie differences result in preferential deposition of one of the rivers 
w ithin, o r prior to entering, the reservoir, then downstream particulate element 
concentrations would change accordingly.
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The respective fractions contributed downstream by the Clark Fork and 
B lackfoot rivers can be calculated for elements that are relatively different in 
concentration In each river (i.e. dilution is occurring) according to the mixing 
relationship (equations 4 and 5) proposed by Faure (1991). If the calculated 
e lem ent fractions contributed downstream by one o f the input rivers are sim ilar, 
then the rivers are likely to be mixing conservatively, in the proportions o f the 
calculated fractions. The average fraction calculated can then be compared to 
the measured input fo r each river in order to evaluate potential preferential 
deposition o f one of the rivers. Table 7 presents the calculated fraction 
contributed downstream by the Clark Fork River for each sampling event using 
equations 4 and 5. The complete mixing results for each element are included in 
Appendix D. It was possible to use up to ten elements to determ ine the mixing 
relations based on the relative element concentrations between the two rivers 
and the presence o f the respective elements above the POLs.
The individual calculated fractions contributed downstream by the Clark 
Fork River on March 20^ ranged between 39% for Ti to 98% for As. In general, 
agreem ent between the calculated fractions on March 20^ was poor, suggesting 
that particulate elem ent transport through Milltown Reservoir was not 
conservative. The average calculated fraction for the Clark Fork R iver was also 
less than the expected fraction, which may indicate that a greater proportion o f 
the Clark Fork R iver sedim ent load than the Blackfoot River sedim ent load was 
deposited within the reservoir. Agreem ent between the individual elem ent mixing 
relations improved during the remainder of the study as the standard deviation
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decreased from  23% on March 20^ to less than 15% for each subsequent 
sam pling event. Therefore, mixing may have been more conservative follow ing 
the initial sam pling event.
The calculated average percent contributed by the Clark Fork River was 
approxim ate ly equal to the measured input fraction on April 23^% May 12*^, and 
June 4*^. The calculated average percent contributed by the Clark Fork River 
was less than the measured fraction on May 20^ (during peak discharge) and 
w as slightly greater on June 25^. Based on these results, it appears that the 
C lark Fork R iver sedim ent load was preferentially deposited on March 20^, and 
possib ly on June 25^, and that the Blackfoot River sedim ent load may have been 
preferentia lly deposited on May 20̂ *̂ .
The potential preferential deposition of the Clark Fork River on March 20^ 
m ay have, in part, been related to the unusually high-suspended sediment 
concentration. A t the lower sediment concentrations measured after March 20**̂ , 
the  C lark Fork River may have maintained the necessary competence to 
transport sedim ent along the reach from Turah Bridge through the reservoir. The 
potential preferential deposition of the Blackfoot River on May 20^ may also have 
been related to the relative suspended sediment concentration. The peak 
sed im ent load and suspended sediment concentration was measured in the 
B lackfoot River on May 20‘*̂ . Therefore, on March 20^ and May 20*^, the Clark 
Fork and B lackfoot rivers contained respective peak levels o f sediment that could 
be deposited when the rivers entered the lower energy reservoir environment. 
The resultant preferential sedimentation may have been the result o f simply
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having relatively more sediment to deposit on these dates than by specific 
d ifferences in river geomorphology.
Particulate elem ent concentration changes through the reservoir were also 
evaluated using another form of Faure’s mixing equation (equation 3).
Accordingly, it was possible to compare the element concentration predicted 
based on conservative mixing below the reservoir with the actual element 
concentration measured at Deer Creek Bridge. Depending on the relation 
between the predicted and measured results at Deer Creek Bridge, it was 
possib le to infer w hether preferential sedimentation or scouring o f more o r less 
concentrated sedim ent may have occurred. The primary discussion of
concentration changes through Milltown Reservoir focuses on As, Cu, Fe, Mn, 
and Zn because these elements are associated with upstream mining activities 
and they were measured above the applicable PQLs in both the Blackfoot and 
C lark Fork rivers. Particulate Cd and Pb were not measured above PQLs in the 
B lackfoot River during the majority of the study and therefore are not included.
Figures 62(a-f) through 65(a-b) presents the changes in concentration for 
each elem ent that could be evaluated using the mixing equation. These results 
are also included in Appendix D. Particulate As concentration was conservative 
through the reservoir on March 20^^, and May 12**̂  (Figure 62b). The mean As
concentration increased though the reservoir on April 23^ and decreased on
June 25̂ *̂ , but the uncertainty during these events included the possibility o f 
positive and negative concentration changes. The measured particulate As 
concentrations were greater than the predicted values during the May 20^ and
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June 4^  ̂ sampling events. Observed increases in As may have resulted from 
preferential sedimentation of the B lackfoot River, leading to a higher percentage 
o f the m ore concentrated Clark Fork River sediment downstream, or by scouring 
o f m ore contam inated sedim ent from the reservoir. Preferential deposition o f the 
B lackfoot R iver is predicted on May 20^ (Table 7), based on the average elem ent 
fractions calculated by equation 4 and is predicted on May 20^ and June 4*  ̂
based on the particulate As calculated fractions. Trap efficiency calculations fo r 
suspended sedim ent and particulate As also predicted significant sedim ent scour 
on M ay 20^ (Figures 48 and 50b), which may have mobilized sedim ent with 
higher As concentrations.
Particulate Cu and Zn concentrations decreased through the reservoir 
during the first sampling event and then generally followed the same trend 
observed fo r As fo r each subsequent event (Figures 63a and 65b). The 
decrease in Cu and Zn concentrations on March 20^ was most likely due to 
preferential deposition of the more concentrated Clark Fork River sediment, as 
predicted by the calculated fractions (Table 7). The subsequent trend in Cu and 
Zn concentration changes can be explained by the processes discussed for As, 
preferential deposition of the Blackfoot River during the peak flow events and/or 
scour o f more contam inated sedim ent within the reservoir.
Particulate Fe concentration increased during the March 20^, April 23"̂ ,̂ 
and May 20^ sampling events, likely decreased by May 12^\ and was 
conservative during the final two sampling events on June 4*  ̂ and 25^* (Figure 
63b). These changes can again be explained primarily by preferential
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sedim entation. Particulate Fe concentrations were higher in the B lackfoot River 
on March 20^" and April 23*̂  ̂ and were subsequently higher in the Clark Fork 
R iver during the next three sampling events. Particulate Fe concentrations were 
essentia lly equivalent during the final sampling event. Therefore, the March 20^ 
and April 23"̂  ̂ increases in Fe concentration through the reservoir coincide to the 
period when the Blackfoot River contained relatively higher concentrations and 
likely transported a higher fraction of sediment through the reservoir. 
Conversely, the May 20**̂  increase in Fe concentration coincides to the period 
when the C lark Fork River contained higher concentrations and may have 
transported a higher proportion of sediment downstream. Scour o f sedim ent with 
higher concentrations or precipitation and/or mobilization of colloids o f may have 
also contributed to the increase in Fe observed downstream on May 20**̂ .
Particulate Mn concentrations increased through the reservoir on March 
20^\ May 20̂ *̂ , and June 4**̂  (Figure 63e). Conservative Mn transport was 
docum ented during the three additional sampling events. Reservoir scour may 
have led to the increase observed on May 20^. The source of the March 20^ 
and June 4*^ increases are less clear but could have been related to decreases in 
sedim ent grain-size through the reservoir, which is discussed in more detail 
below.
4.9.2 Grain-Size Effects
Trace element concentrations can be normalized to Al to com pensate for 
variation in sedim ent grain-size (Abraham, 1998; Summers et al., 1996; 
Daskalakis and O ’Conner, 1995; and W indom et al., 1989). As a central
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com ponent o f clay (alum inosilicates), the smallest size particle, Al concentration 
can serve as a measure of clay content and thus, as a surrogate for grain-size. 
Consequently, normalizing the data to Al should remove concentration variations 
caused by changes in grain-size.
Two primary reservoir processes may alter sediment grain-size below the 
reservoir depending on flow conditions. During low to moderate flow, a process 
analogous to filtration could occur. If retention time is sufficient, the effective 
gra in-size below the reservoir could decrease by deposition o f the coarse 
sedim ent fraction, resulting in increased trace metal particulate element 
concentrations downstream. Conversely, during high flow conditions, sufficient 
com petence may exist to scour coarse sediment within the reservoir, resulting in 
an overall increase in grain-size and consequent decrease in particulate trace 
metal concentration.
By comparing the normalized mixing equation (equation 3) results to the 
non-norm alized results, it is possible to recognize processes that controlled trace 
metal concentration through the reservoir. In other words, if the normalized 
results show a decrease in concentration through the reservoir compared to the 
non-norm alized results, then grain-size may have decreased through the 
reservoir leading to higher than predicted non-normalized concentrations 
measured downstream. If the opposite relation is present between the 
norm alized and non-normalized concentration changes, then sediment grain-size 
m ay have increased through the reservoir. Figures 66(a-b) through 70(a-b) 
presents the comparison o f the Al-normalized to the non-normalized
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concentration changes for selected elements. The complete results fo r the Al 
norm alization, including load, mass balance, and mixing calculations, are 
included as Appendix E.
The primary elements discussed previously exhibited sim ilar concentration 
changes in relation to river discharge. Normalized particulate As, Cu, Fe, Mn, 
and Zn concentrations each show decreases in concentrations through the 
reservoir in relation to the non-normalized data on March 20^ and April 23*̂ *̂  
(Figures 66a, 67b, 68a, 69b, and 70b). Therefore, the reservoir appears to have 
been acting as a sediment filter during the rising limb or runoff, capturing a higher 
proportion of the coarse sediment and thus reducing the downstream-suspended 
sedim ent grain-size and increasing particulate trace metal concentrations.
During the peak flow period between May and June 4*"̂ , normalized 
As, Cu, and Zn concentrations increased in relation to the non-normalized 
changes through the reservoir indicating possible increases in sediment grain- 
size (Figures 66a, 67b, and 70b). Reservoir scour also occurred during this 
period, which would be expected to mobilize sediment with greater effective 
grain-size. Normalized Fe concentrations were sim ilar to the non-normalized 
concentration changes on May 12^\ and were significantly less on May 20*^ and 
June 4̂ *̂  (F igure 68a). These observations may indicate that particulate Fe 
changes through the reservoir are affected more by preferential sedimentation, or 
by possible release of colloids during scouring, than by overall coarsening of the 
sed im ent load. Particulate Mn changes through the reservoir were less 
consistent during the peak flow period (Figure 69b). Normalized Mn
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concentrations increased in relation to the non-normalized changes on May 12^\ 
but decreased during the peak flow event on May 20*^, and were not significantly 
d iffe rent from  the non-normalized results on June 4* .̂ Consequently, changes in 
downstream  Mn concentrations resulting from sediment coarsening may have 
been im portant for Mn only during the early period of high flow conditions, and 
potential release o f colloids or scour of more concentrated sediment may have 
controlled downstream Mn concentration during peak flow.
4.9.3 Summary o f Potential Reservoir Processes Observed
The observed trends in particulate As, Cu, Fe, Mn, and Zn concentrations 
reveal a combination of processes that may be occurring within Milltown 
Reservoir. During the initiai sampling event, when river discharge began to 
increase and the reservoir was trapping approximately 76% of the influent 
sedim ent (Figure 48), particulate Fe, Cu, and Zn concentrations indicate that the 
reservoir was preferentiaily depositing sediment transported by the Clark Fork 
R iver (Figures 63(a-b) and 65a). The calculated mean fractions contributed by 
the  C lark Fork River on March 20^ also support this observation (Table 7). 
Normalized results for As, Cu, Fe, Mn, and Zn show that the reservoir was also 
acting as a filte r by trapping a higher proportion of coarse sediment during this 
period, which resulted in grain-size related concentration increases (Figures 66a, 
67b, 68a, 69b, and 70b).
During the peak river flow sampling event, when the reservoir was 
docum ented to be releasing approximately 28% more sediment than was 
entering (Figure 48), preferential sedimentation may have also occurred. The
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calculated mean sedim ent fractions contributed on May 20^ suggest that 
B lackfoot River sedim ent was preferentially deposited (Table 7). Particulate Fe 
concentration changes through the reservoir also support this observation 
(Figure 63b). The measured particulate As, Cu, Fe, Mn, and Zn concentrations 
were higher than the predicted values for each element (Figures 62b, 63a, 63b, 
63e, and 65b). W ith the exception of Fe, each element concentration change 
suggested sedim ent with greater trace element concentrations was scoured from 
w ithin the reservoir and transported downstream. Al-normalized results fo r As, 
Cu, and Zn (Figures 66a, 67b, and 70b) indicate that the reservoir was not 
filtering coarse sedim ent during the peak flow period. Normalized Fe and Mn did 
decrease on May 20^ in relation to the non-normalized results, but these trends 
may have been caused by the release of colloidal material during reservoir 
scouring (Figures 68a and 69b).
Conservative particulate element transport through the reservoir was 
observed as spring runoff waned. During the final analytical sampling event on 
June 25^, the reservoir was trapping approximately 40% of the influent sediment. 
The calculated input fractions and individual element concentration changes 
suggested that substantial preferential deposition of either river was no longer 
occurring. Also, the normalized particulate element results for As, Cu, Fe, Mn, 
and Zn were sim ilar to the non-normalized concentrations changes on June 25^, 
which indicate that sediment grain-size was not significantly altered by filtration or 
scour. Therefore, as river discharge returned to low flow conditions, transport of 
particulate contam inants through the reservoir were increasingly conservative.
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5 Conclusions
Suspended sediment and particulate element transport through Milltown 
Reservoir was primarily controlled by temporal variation in river discharge. 
Under low to moderate flow conditions, the reservoir trapped up to 76% of the 
influent sediment. During peak river discharge conditions, sediment was scoured 
from  the reservoir and delivered downstream as the trap efficiency was reduced 
to negative 28%. Particulate element transport through the reservoir followed a 
sim ilar trend. Therefore, the reservoir acted as a sink for contaminated sediment 
during low to moderate flow and as a source for downstream contamination 
during seasonal peak flow. The overall mass balance estimate, although limited 
by low sample frequency, suggests that the reservoir also acted a sink for 
suspended sediment and particulate contaminants during the study period as a 
whole, even though river discharge reached flood conditions for several weeks.
Variation in river discharge also influenced suspended sediment and 
particulate element concentrations and loads. The peak suspended sediment 
concentration was measured in the Clark Fork River at Turah Bridge during the 
initial rise in river flow. Suspended sediment levels at Turah Bridge decreased 
during the next sampling event and then were directly related to discharge levels 
over the rem ainder of the study. Suspended sediment concentrations were 
d irectly controlled by changes in discharge in the Blackfoot River during the 
entire study period.
The majority of the particulate element concentrations at Turah Bridge did 
not have a strong relationship to discharge, indicating that simple dilution or
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concentration of the respective elements may not have been a factor over the 
study period as a whole. Comparison of the respective element concentrations 
to suspended sedim ent concentrations at Turah Bridge also shows a sim ilarly 
poor correlation. However, if the first sampling event is excluded in the 
com parison, most elements have a moderate to strong correlation to suspended 
sedim ent concentrations at Turah Bridge. This trend may be attributed to 
discharge related changes in suspended sediment grain-size.
The m ajority o f the elements measured in the Blackfoot River showed a 
consistent inverse linear relationship to discharge. Therefore, sediment grain- 
size changes appeared to be the primary process controlling element 
concentrations as spring runoff evolved in the Blackfoot River. Correlation 
between particulate elements and suspended sediment concentrations also 
exhibited a strong inverse linear relationship, further supporting a connection 
between grain-size and element dilution. The Clark Fork River at Deer Creek 
Bridge displayed a combination of the trends observed at the two upstream 
sample sites.
Suspended sediment loads above Milltown Reservoir were higher in the 
Clark Fork River than in the Blackfoot River during the initial rising limb and 
during the late falling limb of spring runoff. The Blackfoot River suspended 
sedim ent load reservoir input was higher than the Clark Fork River during peak 
flow. The greatest overall suspended sediment load was measured in the Clark 
Fork R iver at Deer Creek Bridge during the peak sampling event on May 20*^, 
when m axim um  reservoir scour occurred.
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The overall temporal trend in particulate element loads was sim ilar to that 
o f suspended sedim ent loads. The peak element loads at Turah Bridge occurred 
during the initial sampling event, decreased during the next event, and then were 
d irectly controlled by discharge variation. The Blackfoot River elem ent loads 
increased and decreased according to discharge variation for most elements. 
The elem ent loads at Deer Creek Bridge also generally varied according to 
discharge, with the exception of the second sampling event, when most element 
loads decreased. The sediment-flushing event in the Clark Fork River during the 
initial rise in runoff mobilized significant contaminant loads. In fact, the reservoir 
influent load of the primary contaminants during the initial sediment-flushing 
event, when the reservoir trapped 76% of the sediment, was greater than or 
equal to the respective peak loads measured below the reservoir during the 
period of maximum scour.
In addition to physical trapping of sediment, several additional processes 
were evaluated that may have affected particulate load transport through 
Milltown Reservoir. These processes included preferential sedimentation, scour 
o f more contaminated sediment, grain-size effects, and phase changes. Trends 
in particulate As, Cu, Fe, Mn, and Zn concentrations reveal a combination of 
these processes may have occurred within Milltown Reservoir. During the initial 
sam pling event, when river discharge began to increase and the reservoir was 
trapping approxim ately 76% o f the influent sediment, the reservoir appeared to 
preferentially deposit sediment transported by the Clark Fork River. Based on 
elem ent results that were normalized to Al concentrations to evaluate sediment
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gra in-size effects, it appears that the reservoir was also acting as a filter by 
trapping a higher proportion of coarse sediment during this period, which resulted 
in grain-size related concentration increases downstream.
During the peak river flow period, when the reservoir was releasing 
approxim ately 28% more sediment than was entering, Blackfoot River sediment 
appeared to be preferentially deposited. The primary contaminant elements also 
increased in concentration through the reservoir, suggesting that sediment with 
greater contam inant concentration was scoured from within the reservoir and 
transported downstream. Normalized results for As, Cu, and Zn indicate that the 
reservoir was not filtering coarser sediment during the peak flow period.
Particulate element transport through the reservoir returned to a 
conservative trend as spring runoff waned. During the final sampling event on 
June 25*^, the calculated input fractions and individual element concentration 
changes suggest that substantial preferential deposition of either river was not 
occurring. Sediment grain-size related concentration changes also were not 
observed for the primary contaminants, indicating reservoir filtration or scour was 
not significant. Therefore, as river discharge returns to low flow conditions, 
transport o f particulate contam inants through the reservoir were increasingly 
conservative.
Geochem ical controls such as in-equilibrium related phase changes did 
not significantly affect particulate element concentrations. With the exception of 
Mn, a parallel study o f dissolved element concentration changes through the 
reservoir indicated that transport was generally conservative. The changes
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observed in dissolved Mn were not significant in this study. General agreement 
between physiochem ical parameters measured above and below the reservoir, 
and between the two input sources, provides further evidence of river scale 
geochem ical equilibrium.
Although the Milltown Reservoir is considered a “run of the river" system, 
and may be in long-term equilibrium, sediment trapping and short-term scour can 
occur in response to respective flow conditions. During the peak flow period of 
the 1997 spring runoff, when discharge levels reached 10-year flood event levels, 
contam inated sediment was scoured from behind the reservoir and transported 
downstream . However, during the initial rising limb of spring runoff, the reservoir 
trapped up to 76% of the influent sediment. The maximum trap efficiency of the 
reservoir coincided with the period of maximum contam inant load delivery by 
upstream sources. Consequently, the reservoir acted as a source for 
downstream  particulate trace metal contamination during peak flow, but acted as 
a sink during the maximum period of particulate contam inant inflow. Flushing of 
Clark Fork River sedim ent during the onset o f spring runoff caused the initial 
peak in contam inant load input. This peak occurred during relatively low river 
flow  and fine-grained sediment conditions. Therefore, if this initial contam inant 
load was delivered downstream, and not primarily trapped in the reservoir, the 
potential adverse effects to river biota may have been more severe than the 
exposure that occurred during peak discharge conditions.
Remedial alternatives for Milltown Reservoir should be considered in 
conjunction with the current conditions of the upper Clark Fork River. Although
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substantia l remobilization and transport may occur from the reservoir during 
unusually high discharge conditions, significant deposition can occur during 
periods o f equal or greater contam inant migration from upstream sources. 
Therefore, until the upper C lark Fork River is further ameliorated, it may be 
d ifficu lt to select an effective and comprehensive remedial alternative that will 
address the current environmental concerns associated with Milltown Reservoir.
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Table 1. Rules fo r error calculations according to the propagation of error 
method. Variable Z depends on the two variables (A and B), which have 
independent errors (AA and AB), (from Taylor, 1997).
Relation between Z and (A, B) Relation between errors AZ and (AA, AB).
Z = A  + B {& Z f = (A A f + (A B f
Z = A  -  B (A Z f = (AA)^ + (A B f
Z = AB (AZ/Z)^ = (AAJAf + (A B /B f
Z = A/B (A Z /Z f = (A A /A f + (A B /B f
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Table 2. Comparison of particulate element concentrations above Milltown
Reservoir*.

























Susp. Sediment X NA
TB = Clark Fork River at Tu rah Bridge
BF = Blackfoot River at the Swinging Bridge
*-Comparison performed using Student T-Test at 95% confidence
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Tu rah Bridge 3/20/97 2740 NA NA NA
Blackfoot R iver 3/20/97 1180 NA NA NA
Deer Creek Bridge 3/20/97 3950 NA NA NA
DM Footbridge 3/20/97 NA NA NA NA
Tu rah Bridge 4/23/97 3010 NA NA NA
Blackfoot River 4/23/97 5270 NA NA NA
Deer Creek Bridge 4/23/97 8430 NA NA NA
UM Footbridge 4/23/97 NA NA NA NA
Tu rah Bridge 5/12/97 5370 7.50 10.3 9.8
Blackfoot River 5/12/97 9390 7.82 10.0 NA
Deer Creek Bridge 5/12/97 14900 8.02 12.7 9.8
UM Footbridge 5/12/97 NA 7.77 12.1 11.5
Tu rah Bridge 5/20/97 8180 7.55 8.8 11.5
Blackfoot River 5/20/97 12400 7.73 9.7 9.0
Deer Creek Bridge 5/20/97 21000 7.80 8.8 10.1
UM Footbridge 5/20/97 NA 7.81 9.1 10.1
Turah Bridge 6/4/97 8710 7.78 9.1 12.8
B lackfoot River 6/4/97 10200 7.87 9.8 10.6
Deer Creek Bridge 6/4/97 18300 7.97 10.2 11.7
UM Footbridge 6/4/97 NA 8.10 10.2 11.9
Turah Bridge 6/25/97 4580 8.27 11.6 11.0
B lackfoot R iver 6/25/97 4490 8.90 11.1 11.3
Deer Creek Bridge 6/25/97 8680 8.42 11.4 11.6
UM Footbridge 6/25/97 NA 8.50 11.5 12.1
Turah Bridge 7/24/97 1860 7.57 8.8 16.4
Blackfoot R iver 7/24/97 1930 7.60 8.5 16.5
Deer Creek Bridge 7/24/97 3900 7.83 8.9 17.0










Table 4. Correlation of Determination (R^) matrix of element concentrations vs.
discharge and suspended sediment concentrations.
Element TB (0) BF (Q) DCB (Q) TB (SS) BF (SS) DCB (SS)
A1 0.135 0.963*** 0.619* 0.560"-* 0.642* 0.594 "-*
As 0.115 0.793** 0.400 0.135 0.733** 0.449
Ba 0.114 0.977*** 0.400 0.654"-** 0.878*** 0.681 "-**
Ca 0.066 0.928*** 0.263 0.246 0.334 0.428
Cd 0.612* NA 0.880*** 0.215 NA 0.471
Co 0.003 0.656* 0.582* 0.194"- 0.691** 0.793 "-**
Cu 0.068 0.787** 0.470 0.036 L 0.746** 0.311"-
Cr 0.004 0.382* 0.195 0.935"-*** 0.834"-** 0.950"-***
Fe 0.049 0.812** 0.379 0.232"- 0.965*** 0.756"-**
K 0.007 0.813** 0.706** 0.591 "-* 0.953*** 0.644*
Li 0.042 0.505* 0.159 0.342"- 0.836** 0.618"-*
Mg 0.022 0.035 0.020 0.186"- 0.557"-* 0.165"-
Mn 0.099 0.766** 0.767** 0.417"- 0.985*** 0.564*
Na 0.036 0.900*** 0.608* 0.812"-** 0.967*** 0.936"-***
Ni 0.004 0.898*** 0.445 0.505 "-* 0.939*** 0.820 "-**
P 0.870*** 0.972*** 0.951*** 0.214 0.882*** 0.423
Pb 0.430 NA 0.670** 0.032 NA 0.252
S 0.843*** 0.981*** 0.902*** 0.681"-** 0.941*** 0.897 "-***
Sr 0.761** 0.962*** 0.822** 0.487* 0.795** 0.177
Ti 0.072 0.943*** 0.674** 0.896"-*** 0.579* 0.752"-**
V 0.015 0.834*** 0.588* 0.638 "-* 0.986*** 0.710"-**
Zn 0.014 0.889** 0.479 0.037 0.480 0.217
BF (Q) = Discharge of Blackfoot River at the Swinging Bridge 
TB (Q) = Discharge of Clark Fork River at Turah Bridge 
DCB (Q) = Discharge of Clark Fork River at Deer Creek Bridge
BF (SS) = Suspended sediment concentration of Blackfoot River at the Swinging Bridge 
TB (SS) = Suspended sediment concentration of Clark Fork River at Turah Bridge 
DCB (SS) = Suspended sediment concentration of Clark Fork River at Deer Creek Bridge 
L = Log regression R̂  values are listed if correlation was better than with linear regression 
Significance = *p<Q.l ,  **p<Q.05, *** p < 0.01_____________________________
96
Table 5. Relation between discharge and trap efficiency.
Constituent Value Discharge (cfs) at 0% Trap Efficiency























1 — Complete data set was not available due to results below PQLs 
Significance = * p < 0 . 1 ,  ** p < 0.05, *** p < 0.01
Table 6. Milltown Reservoir operational conditions during 1997 spring runoff.









3/20/97 3,259.8 4.5 0 3,950 76 (+/- 13)
4/23/97 3,259.6 7.0 4 8,430 41 (+/- 26)
5/12/97 3,259.5 7.5 26 14,900 -16(+/- 19)
5/20/97 3,259.4 14.5 40 21,000 -28(+/-21)
6/4/97 3,259.6 8.0 37 18,300 24 (+/- 16)
6/25/97 3,259.7 Closed 26 8,680 14 (+/- 15)
7/24/97 3,259.9 4.5 0 3,900 40 (+/- 13)
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Table 7, Percent o f the total sediment load below Milltown Reservoir contributed 
by the Clark Fork River (calculated using mixing equation 1).
3/20/97 4/23/97 5/12/97 5/20/97 6/4/97 6/25/97
Element % CF % CF % CF % CF % CF % CFBelow Below Below Below Below Below
Res. Res. Res. Res. Res. Res.
E xpected % Contributed  
by CF Based on 













A1 61 nc 39 44 52 nc
As 98 69 39 44 55 74
Co nc nc 65 53 53 52
Cr 50 73 nc 47 32 42
Cu 83 55 46 43 53 80
Mn nc 56 36 45 57 63
Sr nc 76 23 58 41 61
Ti 39 nc 28 47 47 71
V nc nc 23 64 44 90
Zn 89 55 51 59 58 77
A verage Calculated % 
C ontributed by CFR 70 64 39 50 49 68
Average Calculated % 
Standard Deviation 23 10 14 8 8 15



























Figure 1. Site Location Map (adopted from Smith et al., 1998).
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Figure 2. Conceptual diagram showing metal-transport processes in the Clark 
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Figure 3. Sample Location Map
1 0 2
M O N T A N A















Blackfoo, R w r Watershed Map W p p le rL m lirW r  j^ T ™
103
50.000



















0.01 0.1 1 5 10 20 80 90 9640 60 99 99.9 99.99
PERCENTAGE OF TIME STREAMFLOW WAS EQUALED OR EXCEEDED
Figure 5. Streamflow-frequency curves for the Clark Fork River at Deer Creek 
Bridge, Montana (USGS Gauging Station 12340500, modified from Smith et 
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Figure 6. Hydrographe for study area from January through September 1997
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Figures 7a-d: Suspended sediment and Al, As, and Ba particulate element 
concentrations for each sample location (BF = Blackfoot River at Swinging 
Bridge, TB = Clark Fork River at Turah Bridge, DCB = Clark Fork River at 
Deer Creek Bridge, and FB = Clark Fork River at the Footbridge) from March 
20, 1997 to July 4, 1997. The top, bottom, and line through the middle o f the 
box correspond to the 75*'  ̂ percentile (top quartile), 25^^ percentile (bottom 
quartile), and 50 percentile (median), respectively. The whiskers on the plot 
extend from  the 10̂ *̂  percentile (bottom decile) to the 90 percentile (top 
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Figures 7e-h: Ca Cd, Co, and Ba particulate element concentrations for each 
sample location (BF = Blackfoot River at Swinging Bridge, TB = Clark Fork 
River at Turah Bridge, DCB = C lark Fork River at Deer Creek Bridge, and FB 
= Clark Fork River at the Footbridge) from March 20, 1997 to July 4, 1997. 
The top, bottom, and line through the middle of the box correspond to the 75̂ *̂  
percentile (top quartile), 25^^ percentile (bottom quartile), and 50 percentile 
(median), respectively. The whiskers on the plot extend from the 10‘  ̂
percentile (bottom decile) to the 90 percentile (top decile). The mean is 
represented by the square symbol.
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Figures 71-1: Cu, Fe, K, and Li particulate element concentrations for each sample 
location (BF = Blackfoot River at Swinging Bridge, TB = Clark Fork River at 
Turah Bridge, DCB = Clark Fork River at Deer Creek Bridge, and FB = Clark 
Fork R iver at the Footbridge) from March 20, 1997 to July 4, 1997. The top, 
bottom, and line through the middle o f the box correspond to the 75*^ 
percentile (top quartile), 25^^ percentile (bottom quartile), and 50 percentile 
(median), respectively. The whiskers on the plot extend from the 10^  ̂
percentile (bottom decile) to the 90 percentile (top decile). The mean is 
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Figures 7m-p: Mg, Mn, Na, and Ni particulate element concentrations for each 
sam ple location (BF = Blackfoot River at Swinging Bridge, TB = Clark Fork 
R iver at Turah Bridge, DCB = C lark Fork River at Deer Creek Bridge, and FB 
= C lark Fork River at the Footbridge) from March 20, 1997 to July 4, 1997. 
The top, bottom, and line through the middle of the box correspond to the 75**̂  
percentile (top quartile), 25̂ "̂  percentile (bottom quartile), and 50 percentile 
(median), respectively. The whiskers on the plot extend from the 10**̂  
percentile (bottom decile) to the 90 percentile (top decile). The mean is 
represented by the square symbol.
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Figures 7q-t: P, Pb, S, and Sr particulate element concentrations for each sample 
location (BF = Blackfoot River at Swinging Bridge, TB = Clark Fork River at 
Turah Bridge, DCB = Clark Fork River at Deer Creek Bridge, and FB = Clark 
Fork River at the Footbridge) from March 20, 1997 to July 4, 1997. The top, 
bottom, and line through the middle of the box correspond to the 75*^ 
percentile (top quartile), 25^^ percentile (bottom quartile), and 50 percentile 
(median), respectively. The whiskers on the plot extend from the 10*^ 
percentile (bottom decile) to the 90 percentile (top decile). The mean is 




4 0 0 -
200-
100-
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Figures 7u-w: Ti, V, and Zn particulate element concentrations for each sample 
location (BF = Blackfoot River at Swinging Bridge, TB = Clark Fork River at 
Turah Bridge, DCB = Clark Fork River at Deer Creek Bridge, and FB = Clark 
Fork R iver at the Footbridge) from March 20, 1997 to July 4, 1997. The top, 
bottom, and line through the middle of the box correspond to the 75̂ *̂  
percentile (top quartile), 25^^ percentile (bottom quartile), and 50 percentile 
(median), respectively. The whiskers on the plot extend from the 10^  ̂
percentile (bottom decile) to the 90 percentile (top decile). The mean is 
represented by the square symbol.
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Figure 8. Dissolved oxygen concentrations (uncertainty estimated to be 5% based on 
comparison of results from Deer Creek Bridge and the UM Footbridge).










Figure 9. pH levels (uncertainty estimated to be 5% based on comparison of results from
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Figure 11. USGS Blackfoot River Load Regression Estimate, January through May (Modified from USGS, 2002).
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Figure 13. Relative Suspended Sediment Concentrations 
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Figure 37. Relative Suspended Sediment Loads 
(error bars calculated using Taylor method described in Section 3.5)
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Figure 38. Frequency curves for suspended-sediment discharge at gaging 
stations on the Clark Fork River between Galen and Turah Bridge, Montana, 
water years 1985-95 (modified from Smith et al., 1998). Red arrows show 
results from March 20, 1997 samples collected at Turah Bridge.
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Figure 39. Overview photograph of Miiltown Reservoir.
162
1.0E+3
□  Turah Bridge
□  Blackfoot River
9.0E+2
8.0E+2
□  Deer Creek BridgeJ2 7.0E+2  
6 0 E + 2
5.0E+2Ea





3950 21000 18300 86808430 14900
3/20/1997 4/23/1997 5/12/1997 5/20/1997 6/4/1997 6/25/1997
Discharge (cfs)














14900 21000 18300 86803950 8430
3/20/1997 5/12/1997 5/20/1997 6/4/1997 6/25/19974/23/1997
□  Turah Bridge
□  Blackfoot River
□  Deer Creek Bridge
Discharge (cfs)
Error bars calculated according to Taylor method described in Section 3.5 
Figure 41. Relative Arsenic Loads
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Figure 42. Relative Calcium Loads
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Figure 48. Suspended sedim ent trap efficiency 
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Figure 49. L inear regression o f suspended sedim ent trap efficiency 
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1- Results should be considered estimated because Cadmium was not measured above the PQL in the Blackfoot River after March 20th. 
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Figure 60. Overall Particulate Cu Mass Balance.
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Error bars are calculated according to Taylor Method decribed in Section 3.5
8430 14900 21000















- 1 5 0
r a
1  . r -1  1 + 1  T
-
- ------
_ ------- 1 [T JJ
3 9 5 0  8 4 3 0
3 /2 0 /9 7  i 4 /2 3 /9 7
7 0 0 0
6 0 0 0
5 0 0 0
4 0 0 0










-------------  ■ 1 f i - — 1T
[ J  "  :
1 4 9 0 0 2 1 0 0 0 1 8 3 0 0
------------------- - 4 0 0 0
8 6 8 0
,
3 9 5 0 8 4 3 0 1 4 9 0 0 2 1 0 0 0 1 8 3 0 0
5 /1 2 /9 7 5 /2 0 /9 7 6 /4 / 9 7 6 /2 5 /9 7  ' j 3 /2 0 /9 7 4 /2 3 /9 7 5 /1 2 /9 7 5 /2 0 /9 7 6 /4 /9 7
8 6 8 0
6 /2 5 /9 7
Lithium Magnesium
o
8 3 0 0 0
2 5 0 06 2000




0 - 5 0 0
-1000■2
- 1 5 0 0
-2000- 4
1 4 9 0 0  2 1 0 0 0  1 8 3 0 03 9 5 0 8 4 3 0 8 6 8 01 4 9 0 0  1 2 1 0 0 0 1 8 3 0 0 8 6 8 03 9 5 0 8 4 3 0
5 /2 0 /9 7  6 /4 / 9 73 /2 0 /9 7 4 /2 3 /9 7  5 /1 2 /9 7 6 /2 5 /9 73 /2 0 /9 7  , 4 /2 3 /9 7 5 /1 2 /9 7  I 5 /2 0 /9 7  i 6 /4 / 9 7 6 /2 5 /9 7
Manganese Nickel
„  5 0 0  





2  -200 
S  - 3 0 0  
g - 4 0 0  
' ^ - 5 0 0
3 9 5 0 8 4 3 0 1 4 9 0 0 21000 1 8 3 0 0 8 6 8 0
3 /2 0 /9 7  I 4 /2 3 /9 7  j 5 /1 2 /9 7  5 /2 0 /9 7  6 /4 / 9 7 6 /2 5 /9 7
Discharge (cfs)/Date
8 6 8 0
6 /2 5 /9 7
1 4 9 0 0 21000 1 8 3 0 0j 3 9 5 0  
' 3 /2 0 /9 7
8 4 3 0
4 /2 3 /9 7  5 /1 2 /9 7  I 5 /2 0 /9 7  I 6 /4 / 9 7
Discharge (cfs)/Date















3950 8430 14900 21000 18300 8680 3950 
I 3/20/97
8430 14900 21000 18300 8680
3/20/97 , 4/23/97 5/12/97 1 5/20/97 I 6/4/97 6/25/97 5/20/97 6/4/974/23/97 5/12/97 6/25/97
60 
râ 50iC










3950 8430 j 14900 21000 18300 j 8680




































3950 8430 14900 21000
3/20/97 4/23/97 | 5/12/97 5/20/97
Discharge (cfs)/Date
18300 8680
6/4/97 6/25/97 18300 86803950 I 8430 14900 21000
3/20/97 I 4/23/97 5/12/97 j 5/20/97 j 6/4/97 | 6/25/97 
Discharge (cfs)/Date

























8430 14900 21000 18300












- 2 0 0




Error bars are calculated according to Taylor Method decribed in Section 3.5
Figure 65a-b
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Figure 67a-b
185
El Iron □  Normalized Iron
8000










8430 14900 21000 18300 86803950
4/23/97 5/12/97 5/20/97 6/4/97 6/25/973/20/97
Discharge {cfs)/Date
□  Potassium □  Normalized Potassium
1200
1000








86803950 8430 14900 21000 18300
3/20/97 4/23/97 5/12/97 5/20/97 6/4/97 6/25/97
Discharge (cfs)/Date 


































86803950 8430 14900 21000 18300
6/25/973/20/97 5/12/97 5/20/97 6/4/974/23/97
Discharge (cfs)/Date










Error bars are calculated according to Taylor Method decrlbed in Section 3.5
Figure 69a-b
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□  Zinc □  Normalized Zinc
3950 8430 14900 21000 18300 8680
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Discharge (cfs)/Date 







all concentrations are in mq/Kq unless otherwise noted
3/20/97 Sample Event sus. sed. (mg/l) dll. factor AI As B Ba Ca Cd Co Or Cu Fe
T.B.-1 642 90.8 4618 71.0 7.1 230 15574 3.7 6.6 7.1 491 8520
T.B.-2 639 93.8 9056 77.5 5.2 258 15752 4.1 8.1 12.6 527 14420
T.B.-3 669 98.8 7833 77.8 4.3 243 15684 3.9 7.9 12.1 518 13727
T.B.-4 674 88.6 8036 72,0 3.6 229 15388 3.9 7.8 11.8 492 13057
Mean 656 7386 74.6 5.0 240 15599 3.9 7.6 10.9 507 12431
Std. Dev. 16.0 1921 3.6 1.5 13.9 159 0.2 0.7 2.6 18.2 2666
95% C.l. 17.7 2671 5.0 2.1 19.3 221 0.2 1.0 3.6 25.3 3706
Load g/s (dlscharge=2740cfs) 50917 376 3.8 0.3 12.2 794 0.2 0.4 0.6 25.8 633
B.F.-1 54.9 526 8605 14.5 31.3 534 16458 0.3 6.0 22.2 35.5 13232
B.F.-2 56.0 502 17937 17.8 22,1 546 13735 1.0 7.4 26.4 40.1 20753
B.F.-3 57.4 440 12805 16.2 29.5 548 17300 0.7 6.9 23.4 51.1 17023
B.F.-4 54.3 468 12661 16.5 30.4 548 16502 0.8 6.2 24.6 38.4 16810
Mean 55.7 13002 16.2 28.3 544 15999 0.7 6.6 24.1 41.3 16954
Std. Dev. 1.4 3823 1.4 4.2 6.7 1558 0.3 0.6 1.8 6.8 3072
95% C.l. 1.3 5313 1.3 5.8 9.3 2165 0.4 0.9 2.5 9.4 4270
Load g/s {discharge=1180cfs) 4320 24.2 0.0 0.1 1.0 29.8 0.0 0.0 0.0 0.1 31.5
D.C.B. 1 115 308 8140 77.3 2.2 345 16721 3.6 7.3 14.8 439 13974
D.C.B. 2 113 303 9983 72.1 14.9 345 15831 3.0 7.7 17.4 421 16173
D.C.B. 3 119 263 11095 68.3 13.7 336 16882 3.5 8.1 19.2 420 15664
D.C.B. 4 112 275 8987 76.2 14.6 338 16900 3.4 7.9 18.7 437 14862
Mean 115 9552 73.5 11.4 341 16584 3.4 7.7 17.5 429 15168
Std. Dev. 2.9 1275 4.1 6.1 4.4 508 0.3 0.3 2.0 10.0 962
95% C.l. 2.9 1773 5.7 8.5 6.1 706 0.3 0.5 2.7 13.9 1337
Load g/s (dlscharge=3950cfs) 12832 123 0.9 0.1 4.4 213 0.0 0.1 0.2 5.5 195
Load increase/decrease (g/s) -42404.7 -277.7 -2.9 -0.2 -8.8 -611.2 -0.2 •0.3 -0.4 •20.4 -469.9
% Trapped 76.8 69.4 75.4 52.6 66.9 74.2 78.2 75.1 62.5 78.7 70.7
F.B.-1 109 329 7512 75.3 2.1 344 16390 3.1 7.7 16.2 443 13376
F.B.-2 110 328 9092 77.6 15.2 349 16985 3.4 8.0 18.1 437 15092
F.B.-3 105 339 9430 74.3 16.0 360 17044 3.4 7.8 18.4 425 15722
F.B.-4 106 329 10055 70.7 16.3 334 16304 3.1 7.6 19.4 402 16432
Mean 108 9022 74.5 12.4 347 16681 3.2 7.7 18.0 427 15155
Std Dev. 2.3 938 2.5 6.0 9,6 336 0.1 0.2 1.2 15.5 1131
95% C.l. 2.3 1303 3.5 8.3 13.3 467 0.2 0.2 1.6 21.5 1572
Load g/s (dlscharge=3950cfs) 12063 109 0.9 0.1 4.2 201 0.0 0.1 0.2 5.1 183
Load increase/decrease (g/s) 43174.0 -291.4 •2.9 -0.2 •9.0 -622.8 ■0.2 ■0.3 -0.4 -20.8 -481.7





all concentrations are in ma/Ko unless otherwise noted
3/20/97 Sample Event sus. sed. (mg/l) dll. factor K LI Mg Mn Na Ni P Pb S Sr
T.B.-1 642 90.8 841 4.4 3358 1417 <PQL 7.8 1175 92.8 <PQL 65.4
T.B.-2 639 93.8 1856 9.4 5501 1405 <PQL 11.8 1176 95.7 <PQL 71.6
T.B.-3 669 98.8 1661 8.3 5212 1434 <PQL 12.3 1179 99.2 <PQL 66.9
T.B.-4 674 88.6 1759 8.6 5206 1367 <PQL 11.8 1139 90.7 <PQL 68.4
Mean 656 1529 7.7 4819 1406 <PQL 10.9 1167 94.6 <PQL 68.1
Std, Dev. 18.0 466 2.2 984 28.5 na 2.1 18.9 3.7 na 2.6
95% C.l. 17.7 647 3.1 1367 39.6 na 2.9 26.2 5.2 na 3.7
Load g/s (di5charge=2740cfs) 50917 77.9 0.4 245 71.6 na 0.6 59.4 4.8 na 3.5
B.F.-1 54.9 526 943 6.2 3643 883 <PQL 11.8 1165 33.6 <PQL 38.0
B.F.-2 56.0 502 1852 15.2 5472 924 <PQL 17.5 1207 35.6 <PQL 35.9
B.F.-3 57.4 440 1435 10.4 4935 904 <PQL 15.0 1228 39.4 <PQL 40.8
B.F.-4 54.3 468 1306 10,3 4846 887 <PQL 24.4 1198 40.8 <PQL 39.6
Mean 55.7 1384 10.5 4724 899 <PQL 17.2 1200 37.4 <PQL 38.6
Std. Dev. 1.4 375 3.7 772 18.6 na 5.4 26.1 3.4 na 2.1
95% C.l. 1.3 522 5.1 1073 25.8 na 7.4 36.3 4.7 na 3.0
Load g/s (discharge=1180cfs) 4320 2.6 0.0 8.8 1.7 na 0.0 2.2 0.1 na 0.1
D.C.B. 1 115 308 1562 7.2 5177 1650 <PQL 11.6 1465 100 <PQL 75.2
D.C.B. 2 113 303 1915 11.8 5893 1575 <PQL 13.3 1372 97.4 <PQL 74.1
D.C.B. 3 119 263 2186 10.6 6383 1556 <PQL 12.9 1382 94.2 <PQL 78.1
D.C.B. 4 112 275 1807 8.5 5823 1616 <PQL 12.1 1444 96.2 <PQL 75.9
Mean 115 1868 9.5 5819 1599 <PQL 12.5 1416 97.0 <PQL 75.8
Std. Dev. 2.9 259 2.1 495 42.2 na 0.8 45.7 2.5 na 1.7
95% C.l. 2.9 360 2.9 688 58.6 na 1.1 63.5 3.5 na 2.3
Load g/s (discharge-3950cfs) 12832 24.0 0.1 74.7 20.5 na 0.2 18.2 1.2 na 1.0
Load Increase/decrease (g/s) ^2404.7 •56.5 -0.3 •179.5 -52.7 na -0.4 -43.5 -3.6 na -2.6
% Trapped 76.8 70.2 70.2 70.6 72.0 na 72.7 70.5 74.5 na 72.5
F.B.-1 109 329 1463 6.8 4824 1692 <PQL 11.5 1465 101 <PQL 71.8
F.B.-2 110 328 1894 8.5 5665 1668 <PQL 11.9 1495 97.7 <PQL 75.0
F.B.-3 105 339 1781 9.0 5881 1632 <PQL 12.8 1458 94.9 <PQL 74.1
F.B.-4 106 329 1874 9.6 5992 1523 <PQL 12.7 1407 92.9 <PQL 70.4
Mean 108 1753 8.5 5591 1629 <PQL 12.2 1456 96.6 <PQL 72.8
Std Dev. 2.3 173 1.0 458 64.7 na 0.6 31.7 3.1 na 1.8
95% C.l. 2.3 240 1.4 637 89.9 na 0.8 44.1 4.3 na 2.6
Load g/s (discharge=3950cfs) 12063 21.1 0.1 67.4 19.6 na 0.1 17.6 1.2 na 0.9
Load increase/decrease (g/s) •43174,0 •59.3 -0.3 -186.7 •53.6 na -0.4 -44.1 -3.7 na •2.7





all concentrations are in mq/Kq unless otherwise noted
3/20/97 Sample Event sus. sed. (mg/l) dil. factor Ti V Zn
T.B.-1 642 90.8 168 13.0 851
T.B.-2 639 93.8 330 21.3 891
T.B.-3 669 98.8 265 21.5 891
T.B.-4 674 88.6 245 21.3 855
Mean 656 252 19.3 872
Std. Dev. 18.0 66.6 4.2 22.2
95% C.l. 17.7 92.6 5,8 30.9
Load g/s (discharge=2740cfs) 50917 12.8 1.0 44.4
B.F.-1 54.9 526 433 14.2 118
B.F.-2 56.0 502 611 20.1 136
B.F.-3 57.4 440 468 17.1 132
B.F.-4 54.3 468 486 16.4 136
Mean 55.7 500 17.0 130
Std. Dev. 1.4 77.8 2.4 8.5
95% C.l. 1.3 108 3.4 11.7
Load g/s (discharge=1180cfs) 4320 0.9 0.0 0.2
D.C.B. 1 115 308 370 20,3 801
D.C.B. 2 113 303 442 22.2 783
D.C.B. 3 119 263 420 24.5 776
D.C.B. 4 112 275 384 22.1 815
Mean 115 404 22.3 794
Std, Dev. 2.9 33.2 1.7 17.8
95% C.l. 2.9 46.1 2.4 24.8
Load g/s (discharge=3950cfs) 12832 5.2 0.3 10.2
Load increase/decrease (g/s) 42404.7 -8.6 -0.7 -34.5
% Trapped 76.8 62.4 71.8 77.2
F.B.-1 109 329 347 19.3 822
F.B.-2 110 328 413 22.4 825
F.B.-3 105 339 440 21.4 816
F.B.-4 106 329 444 22.3 784
Mean 108 411 21.4 812
Std Dev. 2.3 39.0 1.2 16.3
95% C.l. 2.3 54.2 1.7 22.6
Load g/s (dlscharge=3950cfs) 12063 5.0 0.3 9.8
Load Increase/decrease (g/s) 43174.0 -8.8 *0.8 -34.8





all concentrations are in mq/Kq unless otherwise noted
4/23/97 Sample Event sus. sed. (mg/l) dll. factor AI As Ba Ca Cd Co Or Cu Fe
TB-1 150.1 234 5245 32.0 176 7534 1.5 4.7 14.6 199 7979
TB-3 43.7 600 9770 72.3 388 16702 <0.005 7.0 34.5 433 11113
TB-4 41.2 647 9464 78.8 407 17550 <0.005 7.3 51.4 435 10383
mean 78.3 8160 61.1 324 13929 1.5 6.3 33.5 356 9825
standard deviation 62,2 2529 25.4 128 5554 na 1.4 18.4 136 1640
95% C.l. (+/-) 70.3 2861 28.7 145 6285 na 1.6 20.8 154 1855
Load g/s (discharge=3010cfs) 6679.4 54.5 0.4 2.2 93.0 na 0.0 0.2 2.4 65.6
BF-1 43.4 851 7002 11,9 470 21293 <0.005 <0.01 41.2 32.5 12880
BF-2 60.6 516 7490 9.3 347 15888 <0.005 6.1 42.0 22.2 15083
BF-3 50.3 647 7852 11.0 435 21434 <0.005 6.5 47.5 27.3 14947
BF-4 49.7 605 8798 10.3 429 19742 <0.005 6.8 44.8 28.7 16707
mean 51.0 7786 10.6 420 19589 <PQL 6.4 43.9 27.6 14904
standard deviation 7.1 759 1.1 51.9 2584 na 0.3 2.9 4.3 1569
95% C.l. (+/■) 7.0 744 1.1 50.8 2532 na 0.3 2.8 4.2 1537
Load g/s (discharge=5270cfs) 7613.9 59.3 0.1 3.2 149 na 0.0 0.3 0.2 113
DCB-1 35.1 803 12953 44.1 493 18667 <0.005 8.5 37.7 203 16717
DCB-2 39.8 710 12096 43.5 479 19156 <0.005 8.4 31.5 201 15456
DCB-3 32.1 849 12652 47.5 509 18769 <0.005 8.7 33.3 205 16173
DCB-4 34.4 798 11990 45.3 499 18376 <0.005 8.9 42.6 219 15494
mean 35.4 12423 45.1 495 18742 <PQL 8.6 36.3 207 15960
standard deviation 3.2 457 1.8 12.5 322 na 0.2 5.0 8.4 603
95% C.l. (+/-) 3.2 448 1.8 12.2 316 na 0.2 4.9 8.2 591
Load g/s (dlscharge=8430cfs) 8441.9 105 0.4 4.2 158 na 0.1 0.3 1.7 135
Load increase/decrease (g/s) -5851.4 -8.9 -0.1 -1.2 •84.0 na 0.0 -0.3 -0.8 -44.4
% Trapped 40.9 7.8 22.1 22.1 34.7 na 20.2 45.1 32.4 24.8
FB-1 42.9 805 11201 47.9 466 18886 <0.005 8.0 34.4 216 14726
FB-2 42.5 636 11056 44.4 438 18685 <0.005 8.5 30.6 195 14858
FB-3 na (filter ripped) 1137 12243 50.5 474 18938 <0.005 <0.01 42.9 200 15153
FB-4 42.6 680 11434 48.4 456 18768 <0.005 7.7 30.5 209 15315
mean 42.7 11483 47.8 459 18819 <PQL 8.1 34.6 205 15013
standard deviation 0.2 530 2.5 15.4 114 na 0.4 5.8 9.1 269
95% C.l. (+/-) 0.2 519 2.5 15.1 112 na 0.4 5.7 8.9 264
Load g/s (discharge=8430cfs) 10189.2 117 0.5 4.7 192 na 0.1 0.4 2.1 153
Load Increase/decrease (g/s) -4104.1 28.6 0.0 0.7 13.5 na 0.0 •0.1 •0.4 22.5





all concentrations are in mq/Kq unless otherwise noted
4/23/97 Sample Event sus. sed. (mg/l) dil. factor K Li Mg Mn Na Ni P Pb S Sr
TB-1 150.1 234 968 5.6 2947 928 90.0 7.6 636 46.6 <PQL 28.7
TB-3 43.7 600 1967 8.5 5238 1705 215 12.3 1166 92.0 <PQL 64.2
TB-4 41.2 647 1876 7.7 5122 1795 215 15.3 1230 104 <PQL 65.7
mean 78.3 1604 7.2 4436 1476 173 11.7 1011 80.8 <PQL 52.9
standard deviation 62.2 552 1.5 1290 477 72.1 3.9 326 30.3 na 20.9
95% C.l. (+/-) 70.3 625 1.7 1460 540 81.6 4.4 369 34.2 na 23.7
Load g/s (discharge-301 Oofs) 6679.4 10.7 0.0 29.6 9.9 1.2 0.1 6.8 0.5 na 0.4
BF-1 43.4 851 1108 8.1 5251 1032 <0.25 <0.015 1001 <0.06 <PQL 36.7
BF-2 60.6 516 1073 11.5 5375 722 <0.25 14.4 870 <0.06 <PQL 25.2
BF-3 50.3 647 1206 11.1 5656 921 <0.25 14.8 1055 <0.06 <PQL 32.2
BF-4 49.7 605 1318 13.2 6029 877 <0.25 17.1 1104 <0.06 <PQL 31.1
mean 51.0 1176 11.0 5578 888 <PQL 15.5 1007 <PQL na 31.3
standard deviation 7.1 110 2.1 345 128 na 1.4 101 na na 4.7
95% C.l. (+/-) 7.0 108 2.1 339 126 na 1.4 98.9 na na 4.6
Load g/s (discharge=5270cfs) 7613.9 9.0 0.1 42.5 6.8 na 0.1 7.7 0.0 na 0.2
DCB-1 35.1 803 2065 14.0 6166 1189 226 17.3 1229 49.3 <PQL 47.8
DCB-2 39.8 710 1907 13.3 6378 1194 219 16.9 1217 43.8 <PQL 48.1
DCB-3 32.1 849 1940 13.7 6107 1279 226 19.2 1273 <0.06 <PQL 48.5
DCB-4 34.4 798 1869 12.8 5948 1217 226 17.5 1233 44.5 <PQL 46.9
mean 35.4 1945 13.5 6150 1220 224 17.7 1238 45.9 na 47.8
standard deviation 3.2 85.0 0.6 178 41.3 3.8 1.0 24.3 3.0 na 0.7
95% C.l. (+/-) 3.2 83.3 0.5 174 40.5 3.7 1.0 23.8 3.4 na 0.7
Load g/s (discharge=8430cfs) 8441.9 16.4 0.1 51.9 10.3 na 0.1 10.5 0.4 na 0.4
Load increase/decrease (g/s) -5851.4 -3.2 0.0 -20.2 -6.3 na 0.0 -4.0 -0.2 na -0.2
% Trapped 40.9 16.5 13.9 28.0 38.0 na 23.6 27.5 28.3 na 31.8
FB-1 42.9 805 1870 12.6 5946 1172 200 16.6 1195 48.3 <PQL 46.8
FB-2 42.5 636 1884 12.7 6059 1090 175 17.4 1159 43.4 <PQL 44.5
FB-3 na (filter ripped) 1137 2023 13.8 6157 1164 300 19.7 1152 <0.06 <PQL 48.0
FB-4 42.6 680 1805 12.8 6129 1157 199 16.9 1182 55.3 <PQL 45.4
mean 42.7 1896 13.0 6073 1146 219 17.6 1172 49.0 na 46.2
standard deviation 0.2 91.7 0.5 93.8 37.6 55.6 1.4 20.2 6.0 na 1.5
95% C.l. (+/-) 0.2 89.9 0.5 92.0 36,9 54.5 1.4 19.8 6.8 na 1.5
Load g/s (discharge=8430cfs) 10189.2 19.3 0.1 61.9 11.7 na 0.2 11.9 0.5 na 0.5
Load increase/decrease (g/s) -4104.1 3.5 0.0 8.0 -2.0 na 0.0 0.8 0.0 na 0.0





all concentrations are in mg/Kq unless ottierwise noted
4/23/97 Sample Event sus. sed. (mg/l) dll. factor Ti V Zn
TB-1 150.1 234 222 13.6 398
TB-3 43.7 600 523 24.5 708
TB-4 41.2 647 510 24.6 785
mean 78.3 418 20.9 630
standard deviation 62.2 170 6.3 205
95% C.l. (+/-) 70.3 192 7.2 232
Load g/s (discharge=3010cfs) 6679.4 2.8 0.1 4.2
BF-1 43.4 851 309 15.6 85.1
BF-2 60.6 516 259 15.2 53.4
BF-3 50.3 647 304 16.2 56.7
BF-4 49.7 605 305 17.2 69.9
mean 51.0 294 16.1 66.3
standard deviation 7.1 23.3 0.9 14.4
95% C.l. (+/-) 7.0 22.9 0.8 14.1
Load g/s (discharge=5270cfs) 7613.9 2.2 0.1 0.5
DCB-1 35.1 803 468 21.8 369
DCB-2 39.8 710 448 20.8 369
DCB-3 32.1 849 470 23.8 373
DCB-4 34.4 798 450 23.4 400
mean 35.4 459 22.4 378
standard deviation 3.2 11.4 1.4 15.1
95% C.l. (+/-) 3.2 11.2 1.3 14.8
Load g/s (dlscharge=8430cfs) 8441.9 3.9 0.2 3.2
Load increase/decrease (g/s) -5851.4 -1.2 -0.1 -1.5
% Trapped 40.9 23.1 27.6 32.4
FB-1 42,9 805 421 21.7 378
FB-2 42.5 636 425 21.4 375
FB-3 na (filter ripped) 1137 479 24.1 362
FB-4 42.6 680 430 22.0 375
mean 42.7 439 22.3 372
standard deviation 0.2 27.0 1.2 7.3
95% C.l. (+/-) 0.2 26.4 1.2 7,2
Load g/s (dlscharge=6430cfs) 10189.2 4.5 0.2 3.8
Load increase/decrease (g/s) ^104.1 0.4 0.0 -0.7





all concentrations are In mq/Kq unless otherwise noted
5/12/97 Sample Event sus. sed. (mg/l dil. factor AI As Ba Ca Cd Co Cr Cu Fe
TB-1 243 143 5951 50.9 211 8808 2.2 6.9 15.6 327 11410
TB-2 144 256 9165 66.9 290 10956 2.9 8.3 23.6 427 15799
TB-3 168 190 6662 61.1 250 9709 2.6 7.4 19.0 420 12673
TB-4 156 222 8899 71.0 295 10205 3.2 9.2 23.3 450 15921
mean 178 7669 62.5 262 9919 2.7 8.0 20.4 406 13951
standard deviation 44.8 1604 8.7 39.5 901 0.5 1.0 3.8 54.2 2265
95% C.l. (+/-) 43.9 1571 8.5 38.7 883 0.4 1.0 3.7 53.1 2219
Load g/s (dlscharge=5370cfs) 27033 207 1.7 7.1 268 0.1 0.2 0.6 11.0 377
BF-1 112 315 4715 9.8 328 21669 <0.005 7.6 21.1 31.1 10984
BF-2 182 232 3933 9.3 259 19149 <0.005 5.8 16.8 25.9 9646
BF-3 127 244 2545 9.3 265 18858 <0.005 4.7 13.9 27.1 7584
BF-4 154 206 4546 8.4 244 16386 <PQL 6.9 14.7 25.0 10625
mean 143 3935 9.2 274 19015 na 6.2 16.6 27.3 9710
standard deviation 30.9 986 0.6 37.0 2160 na 1.3 3.2 2.7 1526
95% C.l. (+/-) 30.3 966 0.5 36.3 2117 na 1.3 3.1 2.6 1496
Load g/s (discharge=9390cfs) 38139 150 0.4 10.4 725 na 0.2 0.6 1.0 370
DCB-1 169 184 4522 30.9 264 16332 1.6 6.4 15.7 225 10220
DCB-2 176 194 4126 29.6 248 15129 1.4 6.0 14.7 189 9564
DCB-3 147 277 6051 33.9 311 16531 1.7 10.3 20.9 220 12650
DCB-4 225 142 3366 24.8 219 12721 1.4 5.4 11.9 178 8188
mean 179 4516 29.8 261 15178 1.5 7.0 15.8 203 10156
standard deviation 33.1 1130 3.8 38.7 1751 0.2 2.2 3.8 22.8 1866
95% C.i. (+/-) 32.4 1108 3.7 37.9 1716 0.1 2.2 3.7 22.4 1829
Load g/s (dlscharge=14900cfs) 75608 341 2.3 19.7 1148 0.1 0.5 1.2 15.3 768
Load increase/decrease (g/s) 10437 -15.9 0.2 2.2 154 0.0 0.1 0.0 3.3 20.4
% Trapped -16.0 4.5 -10.5 -12.5 -15.5 ■53.7 -17.1 -0.8 -27.7 -2.7
FB-1 146 205 5490 29.5 264 14455 1.3 5.3 16.3 177 10969
FB-2 168 208 5603 33.0 284 16239 1.8 7.2 17.1 219 11754
FB-3 190 184 4395 18.3 189 10067 1.0 3.9 11.6 131 8668
FB-4 159 206 6412 27.8 274 13238 1.6 5.4 15.9 191 11861
mean 166 5475 27.1 253 13500 1.4 5.5 15.2 180 10813
standard deviation 18.3 829 6.3 43.3 2599 0.3 1.3 2.5 37.1 1484
95% C.l. (+/-) 17.9 812 6.2 42.5 2547 0.3 1.3 2.4 36.3 1454
Load g/s (discharge=14900cfs) 70026 383 1.9 17.7 945 0.1 0.4 1.1 12.6 757
Load increase/decrease (g/s) 4855 26.0 -0.1 0.2 Jta.O 0.0 -0.1 -0.1 0.6 9.7





all concentrations are in mq/Kq unless otherwise noted
5/12/97 Sample Event sus. sed. (mg/l dll. factor K Li Mg Mn Na Ni P Pb S Sr
TB-1 243 143 1290 7.1 3944 1059 91.7 9.4 769 65.7 732 38.1
TB-2 144 256 1790 9.9 5275 1396 152 12.9 998 76.6 1023 50.7
TB-3 168 190 1337 7.0 4288 1308 68.1 10.4 873 74.0 844 41.2
TB-4 156 222 1764 9.6 5343 1531 142 13.2 1035 84.5 1025 48.7
mean 178 1545 8.4 4713 1323 114 11.5 919 75.2 906 44.7
standard deviation 44.8 268 1.5 704 199 40.2 1.9 121 7.8 144 6.0
95% C.l. (+/-) 43.9 263 1.5 689 195 39.4 1.8 119 7.6 141 5.9
Load g/s (discharge=5370cfs) 27033 41.8 0.2 127 35.8 3.1 0.3 24.8 2.0 24.5 1.2
BF-1 112 315 856 8.5 6638 681 94.6 7.9 665 <0.06 493 27.9
BF-2 182 232 714 7.6 5920 560 73.7 7.0 630 <0.06 467 25.3
BF-3 127 244 528 3.2 4702 589 76.0 5.6 571 <0.06 438 24.9
BF-4 154 206 715 9.5 6152 532 74.5 7.6 626 <0.06 382 21.1
mean 143 703 7.2 5853 590 79.7 7.0 623 <PQL 445 24.8
standard deviation 30.9 135 2.8 824 64.8 10.0 1.0 38.9 na 47.6 2.8
95% C.l. (+/-) 30.3 132 2.7 807 63.5 9.8 1.0 38.1 na 46.7 2.7
Load g/s (discharge=9390cfs) 38139 26.8 0.3 223 22.5 3.0 0.3 23.7 0.0 17.0 0.9
DCB-1 169 184 881 5.7 4895 854 86.6 8.2 702 40.5 704 31.3
DCB-2 176 194 817 5.3 4517 812 81.6 7.3 674 34.8 667 29.4
DCB-3 147 277 1151 8.8 5821 977 77.9 10.2 786 44.3 776 33.2
DCB-4 225 142 640 4.0 3894 772 63.5 6.6 636 33.6 532 23.2
mean 179 872 5.9 4782 854 77.4 8.1 700 38.3 670 29.3
standard deviation 33.1 212 2.0 807 88.9 9.9 1.6 63.9 5.0 103 4.3
95% C.l. (+/-) 32.4 208 2.0 791 87.1 9.7 1.6 62.6 4.9 101 4.2
Load g/s (discharge=14900cfs) 75608 65.9 0.4 362 64.6 5.9 0.6 52.9 2.9 50.6 2.2
Load increase/decrease (g/s) 10437 -2.7 -0.1 10.9 6.3 -0.3 0.0 4.3 0.9 9.2 0.1
% Trapped -16.0 3.9 10.6 -3.1 -10.7 4.2 -5.5 -8.9 -42.4 -22.2 -2.8
FB-1 146 205 1046 8.1 5154 774 96.0 8.3 675 33.7 656 29.8
FB-2 168 208 1094 8.0 5512 896 104 9.1 750 41.4 747 33.6
FB-3 190 184 804 7.3 4074 545 59.7 6.7 478 24.4 439 21.3
FB-4 159 206 1155 10.5 5755 854 91.6 9.2 693 34.3 641 29.8
mean 166 1025 8.5 5124 767 87.7 8.3 649 33.5 621 28.6
standard deviation 18.3 154 1.4 742 157 19.3 1.1 118 7.0 130 5.2
95% C.l. (+/-) 17.9 151 1.4 727 154 18.9 1.1 116 6.8 127 5.1
Load g/s (discharge=14900cfs) 70026 71.8 0.6 359 53.7 6.1 0.6 45.5 2.3 43.5 2.0
Load increase/decrease (g/s) 4855 3.2 0.1 8.2 -4.6 0.0 0.0 -3.1 0.3 2.0 •0.1





all concentrations are in mg/Kg unless othenwise noted
5/12/97 Sample Event sus. sed. (mg/l dil. factor Ti V Zn
TB-1 243 143 342 16.8 580
TB-2 144 256 483 23.2 701
TB-3 168 190 358 19.1 660
TB-4 156 222 466 23.5 738
mean 178 413 20.7 670
standard deviation 44.8 72.6 3.3 68.0
95% C.l. (+/-) 43.9 71.1 3.2 66.6
Load g/s (discharge=5370cfs) 27033 11.2 0.6 18.1
BF-1 112 315 176 13.4 58.6
BF-2 182 232 144 12.7 48.2
BF-3 127 244 97.5 8.9 56.6
BF-4 154 206 151 12.0 50.7
mean 143 142 11.7 53.5
standard deviation 30.9 32.6 2.0 4.9
95% C.l. (+/-) 30.3 31.9 1.9 4.8
Load g/s (discharge=9390cfs) 38139 5.4 0.4 2.0
DCB-1 169 184 218 14.0 380
DCB-2 176 194 202 13.1 353
DCB-3 147 277 301 16.9 408
DCB-4 225 142 150 11.2 327
mean 179 218 13.8 367
standard deviation 33.1 62.6 2.4 34.8
95% C.l. (+/-) 32.4 61.3 2.3 34.2
Load g/s (discharge=14900cfs) 75608 16.5 1.0 27.7
Load increase/decrease (g/s) 10437 -0.1 0.0 7.6
% Trapped -16.0 0.6 -3.4 -37.7
FB-1 146 205 256 14.4 339
FB-2 168 208 268 15.8 410
FB-3 190 184 202 12.2 252
FB-4 159 206 266 16.4 351
mean 166 248 14.7 338
standard deviation 18.3 30.8 1.9 65.5
95% C.l. (+/-) 17.9 30.2 1.8 64.2
Load g/s (discharge=14900cfs) 70026 17.4 1.0 23.7
Load Increase/decrease (g/s) 4855 0.8 0.0 3.5





all concentrations are in mq/Kq unless otherwise noted
5/20/97 Sample Event sus. sed. (mg/l) dil. factor AI As Ba Ca Cd Co Cr Cu Fe
TB-1 178 240 7103 53.5 229 7081 2.7 7.7 19.3 375 13608
TB-2 171 230 8200 60.0 259 7642 2.8 7.5 21.0 410 15316
TB-3 172 246 6060 54.9 234 7288 2.8 7.3 17.9 390 12279
TB-4 131 335 7661 63.6 276 8052 3.1 7.9 25.5 438 14927
mean 163 7256 58.0 250 7516 2.9 7.6 20.9 403 14033
standard deviation 21.6 915 4.7 21.8 426 0.2 0.3 3.3 27.0 1379
95% C.l. (+/-) 21.1 896 4.6 21.4 418 0.2 0.3 3.2 26.5 1351
Load g/s (discharge=8180cfs) 37801 274 2.2 9.4 284 0.1 0.3 0.8 15.2 530
BF-1 161 187 3025 7,5 217 14757 <0.005 3.4 11.2 17.4 7893
BF-2 214 164 2001 6.2 164 12077 <0.005 2.6 9.2 16.2 5936
BF-3 200 175 2125 5.3 150 10338 <0.005 2.6 8.8 11.9 5704
BF-4 195 180 2720 7.0 181 11723 <0.005 3.0 10.5 15.0 7393
mean 193 2468 6.5 178 12224 <PQL 2.9 9.9 15.2 6731
standard deviation 22.7 486 1.0 29.0 1848 na 0.4 1.1 2.4 1076
95% C.l. (+/-) 22.3 477 0.9 28.4 1811 na 0.4 1.1 2.3 1055
Load g/s (discharge=12400cfs) 67620 167 0.4 12.0 827 na 0.2 0.7 1.0 455
DCB-1 290 190 5520 25.0 226 12394 1.3 5.6 13.6 162 12074
DCB-2 239 207 5316 28.7 257 13832 1.5 5.7 13.5 182 11810
DCB-3 209 238 5777 30.4 281 14456 1.4 6.1 16.9 187 13041
DCB-4 171 256 6155 32.4 325 15877 1.8 6.4 16.4 197 13256
mean 227 5692 29.1 272 14140 1.5 6.0 15.1 182 12545
standard deviation 50.2 362 3.1 41.6 1444 0.2 0.3 1.8 14.9 710
95% C.l. (+/-) 49.2 355 3.1 40.8 1415 0.2 0.3 1.8 14.6 696
Load g/s {discharge=21000) 135251 770 3.9 36.8 1912 0.2 0.8 2.0 24.6 1697
Load increase/decrease (g/s) 29830 329 1.3 15.4 802 0.1 0.3 0.6 8.3 711
% Trapped -28.3 -74.5 -49.7 -71.5 -72.2 -83.7 -65.9 -39.5 -51.2 -72.2
FB-1 245 206 5045 27.0 244 13139 1.2 5.4 15.5 158 11537
FB-3 5/20 *grab sample *287.9 204 4789 25.4 243 12118 1.2 5.7 12,3 152 11164
FB-4 5/20 'grab sample *294.8 195 6928 23.4 241 11995 1.4 5.8 14.4 159 14104
mean (sample 3&4 chem only) 245 5587 25.3 243 12417 1.3 5.6 14.1 156 12269
standard deviation na 1168 1.8 1.5 628 0.1 0.2 1.6 3.8 1601
95% C.l. (+/-) na 1322 2.0 1.7 711 0.1 0.2 1.8 4.2 1811
Load g/s (discharge=21000) 145989 816 3.7 35.5 1813 0.2 0.8 2.1 22.8 1791
Load Increase/decrease (g/s) 40568 375 1.1 14.0 702 0.1 0.3 0.6 6.6 805





all concentrations are in mg/Kg unless otherwise noted
5/20/97 Sample Event sus. sed. (mg/l) dil. factor K Li Mg Mn Na Ni P Pb S Sr
TB-1 178 240 1529 8.1 4602 1197 132 11.7 697 61.6 605 33.3
TB-2 171 230 1808 9.5 5195 1308 144 12.2 791 66.0 721 40.2
TB-3 172 246 1322 6.7 4227 1285 121 11.0 707 62.4 613 34.3
TB-4 131 335 1715 8.4 5149 1419 169 13.3 779 72.9 746 38.1
mean 163 1594 8.2 4793 1302 142 12.1 744 65.7 671 36.5
standard deviation 21.6 215 1.2 464 91.4 20.6 1.0 48.2 5.1 72.8 3.2
95% C.l. (+/-) 21.1 210 1.2 454 89.6 20.2 1.0 47.2 5.0 71.3 3.1
Load g/s (discharge=81 BOcfs) 37801 60.2 0.3 181 49.2 5.4 0.5 28.1 2.5 25.4 1.4
BF-1 161 187 642 6.4 5254 392 66.7 5.7 386 <0.06 215 16.4
BF-2 214 164 424 4.1 4040 314 48.6 4.3 311 <0.06 169 12.8
BF-3 200 175 446 4.7 3825 270 48.7 3.9 260 <0.06 148 11.2
BF-4 195 180 528 6.2 4560 345 59.2 4.7 338 <0.06 213 14.2
mean 193 510 5.4 4420 330 55.8 4.6 324 <PQL 186 13.7
standard deviation 22.7 98.8 1.1 636 51.5 8.8 0.7 52.4 na 33.3 2.2
95% C.l. (+/-) 22.3 96.8 1.1 623 50.5 8.6 0.7 51.3 na 32.7 2.2
Load g/s (discharge=12400cfs) 67620 34.5 0.4 299 22.3 3.8 0.3 21.9 0.0 12.6 0.9
DCB-1 290 190 1031 11.1 6142 631 97.5 8.9 553 31.1 492 24.7
DCB-2 239 207 1038 9.9 6405 759 101 9.6 583 34.6 504 25.3
DCB-3 209 238 1142 10.3 6770 770 109 10.3 618 34.7 553 27.9
DCB-4 171 256 1236 10.6 7267 897 118 10.7 626 37.6 590 29.9
mean 227 1112 10.5 6646 764 106 9.9 595 34.5 535 27.0
standard deviation 50.2 97.0 0.5 488 109 9.0 0.8 33.7 2.7 45.4 2.4
95% C.l. (+/-) 49.2 95.0 0.5 478 107 8.8 0.8 33.0 2.6 44.5 2.4
Load g/s (discharge=21000) 135251 150 1.4 899 103 14.4 1.3 80.5 4.7 72.3 3.6
Load increase/decrease (g/s) 29830 55.6 0.7 419 31.8 5.3 0.6 30.5 2.2 34.4 1.3
% Trapped -28.3 -58.7 -111.1 -87.3 -44.4 -57.6 -73.1 -61.0 -87.8 -90.5 -58.4
FB-1 245 206 1013 9.4 5865 669 99.5 8.9 562 31.8 501 24.1
FB-3 5/20 'grab sample *287.9 204 946 8.9 5732 658 84.7 8.5 572 29.5 487 23.0
FB-4 5/20 'grab sample *294.8 195 1166 14.6 7143 649 106 9.9 546 31.6 479 25.5
mean (sample 3&4 chem only) 245 1042 10.9 6247 659 96.6 9.1 560 31.0 489 24.2
standard deviation na 113 3.2 779 10.0 10.7 0.7 13.0 1.2 11.1 1.3
95% C.l. (+/-) na 128 3.6 881 11.3 12.2 0.8 14.7 1.4 12.6 1.4
Load g/s (discharge=21000) 145989 152 1.6 912 96.1 14.1 1.3 81.8 4.5 71.3 3.5
Load increase/decrease (g/s) 40568 57.4 0.9 432 24.6 5.0 0.6 31.8 2.0 33.4 1.2





all concentrations are in mg/Kg unless otherwise noted
5/20/97 Sample Event sus. sed. (mg/l) dil. factor Ti V Zn
TB-1 178 240 386 20,5 679
TB-2 171 230 455 23.2 722
TB-3 172 246 342 18.6 736
TB-4 131 335 471 22.6 826
mean 163 414 21.2 741
standard deviation 21.6 60.1 2.1 61.7
95% C.l. (+/-) 21.1 58.9 2.1 60.5
Load g/s (discharge=8180cfs) 37801 15.6 0.8 28.0
BF-1 161 187 99.4 9.1 33.7
BF-2 214 164 67.5 7.3 25.9
BF-3 200 175 71.0 6.9 24.5
BF-4 195 180 84.7 8.6 28.7
mean 193 80.7 8.0 28.2
standard deviation 22.7 14.5 1.0 4.1
95% C.l. (+/-) 22.3 14.2 1.0 4.0
Load g/s (discharge-12400cfs) 67620 5.5 0.5 1.9
DCB-1 290 190 225 15.7 346
DCB-2 239 207 219 15.9 369
DCB-3 209 238 254 17.3 387
DCB-4 171 256 251 16.8 408
mean 227 237 16.4 378
standard deviation 50.2 17.9 0.7 26.1
95% C.l. (+/-) 49.2 17.5 0.7 25.5
Load g/s (dIscharge-ZIOOO) 135251 32.1 2.2 51.1
Load Increase/decrease (g/s) 29830 11.0 0.9 21.2
% T rapped -28.3 -52.0 -65.7 -70.8
FB-1 245 206 213 14.7 349
FB-3 5/20 'grab sample *287,9 204 187 15.1 338
FB-4 5/20 'grab sample *294.8 195 235 18.8 344
mean (sample 3&4 chem only) 245 212 16.2 344
standard deviation na 24.0 2.3 5.6
95% C.l. (+/-) na 27.2 2.6 6.3
Load g/s (discharge-21000) 145989 30.9 2.4 50.2
Load increase/decrease (g/s) 40568 9.8 1.0 20.3





all concentrations are in mo/Ka unless otherwise noted
6/4/97 Sample Event sus. sed. (mg/l) dil. factor AI As Ba Ca Cd Co Cr Cu Fe K Li
TB-1 156 232 6415 52.0 225 6803 2.3 7.0 19.4 335 12979 1487 7.8
TB-2 130 282 8341 64.9 255 8028 2.7 7.5 24.4 406 15578 1800 10.0
TB-3 106 354 7428 69.3 292 8618 3.3 8.4 28.0 451 14790 1728 8.7
TB-4 112 291 7451 68.7 299 8368 3.0 8.3 26.0 449 14841 1711 8.7
mean 126 7409 63.8 268 7954 2.8 7.8 24.4 410 14547 1681 8.8
standard deviation 22,4 787 8.1 34.5 805 0.4 0.6 3.7 54.3 1106 135 0.9
95% C.l. (+/-) 21.9 771 7.9 33.8 789 0.4 0.6 3.6 53.3 1083 133 0.9
Load g/s (discharge=8710cfs) 31071 230 2.0 8.3 247 0.1 0.2 0.8 12.8 452 52.2 0.3
BF-1 82.6 460 2535 11.0 326 26609 <0.005 4.2 27.2 26.8 9015 751 4.0
BF-2 209 178 2420 9.8 237 20646 <0.005 3.7 10.5 33.6 8235 510 4.2
BF-3 147 322 3438 9.0 240 18120 <0.005 4.0 22.2 21.5 9967 707 7.7
BF-4 118 376 3058 10.9 278 22608 <0.005 4.7 23.8 25.4 9472 763 5.9
mean 139 2863 10.2 270 21996 <PQL 4.1 20.9 26.8 9172 682 5.4
standard deviation 53.4 473 1.0 41.7 3582 na 0.4 7.2 5.0 736 118 1.7
95% C.l. (+/-) 52.3 464 0.9 40.9 3511 na 0.4 7.1 4.9 721 115 1.7
Load g/s (discharge=10200cfs) 40128 115 0.4 10.8 883 na 0.2 0.8 1.1 368 27.4 0.2
DCB-1 108 276 5318 41.3 283 16504 1.7 6.2 20.6 240 12497 1183 8.6
DCB-2 111 273 6718 36.7 294 15679 2.0 6.3 23.2 236 13948 1428 12.2
DCB-3 106 309 3965 41.4 286 16091 1.7 5.4 21.0 230 10161 880 5.0
DCB-4 91.8 311 4978 37.7 317 18404 <0.005 6.3 23.4 212 12013 1091 7.5
mean 104 5244 39.3 295 16670 1.8 6.1 22.0 230 12155 1145 8.3
standard deviation 8.4 1138 2.4 15.5 1204 0.2 0.4 1.5 12.7 1563 227 3.0
95% C.l. (+/-) 8.2 1115 2.4 15.2 1160 0.2 0.4 1.4 12.5 1532 222 2.9
Load g/s (dlscharge=18300cfs) 53953 283 2.1 15.9 899 0.1 0.3 1.2 12.4 656 61.8 0.4
Load increase/decrease (g/s) -17246.6 -62.1 -0.3 -3.3 -230.4 0.0 -0.1 -0.4 -1.4 -164.3 -17.8 0.0
% Trapped 24.2 18.0 11.3 17.0 20.4 -11.1 19.8 25.6 10.4 20.0 22.4 8.8
FB-1 131 245 6093 34.6 279 14905 1.6 6.2 21.4 208 13179 1278 11.1
FB-2 110 275 6368 38.2 310 15430 1.7 6.3 23.9 223 13441 1320 11.0
FB-3 125 257 5387 36.3 277 14711 1.8 6.1 23.3 226 11874 1156 9.0
FB-4 127 266 6143 31.9 282 13697 1.7 6.2 22.2 208 12939 1268 11.3
mean 123 5998 35.2 287 14686 1.7 6.2 22.7 216 12858 1255 10.6
standard deviation 9.4 424 2.7 15.4 726 0.1 0.1 1.1 9.4 687 70.1 1.1
95% C.l. (+/-) 9.2 416 2.6 15.1 711 0.1 0.1 1.1 9.2 674 68.7 1.1
Load g/s (dlscharge=18300cfs) 63869 383 2.3 18.3 938 0.1 0.4 1.4 13.8 821 80.2 0.7
Load increase/decrease (g/s) -7330.6 38.0 ■0.1 -0.8 -191.8 0.0 0.0 -0.2 0.0 1.2 0.6 0.2





all concentrations are in mq/Kq unless otherwise noted
6/4/97 Sample Event sus. sed. (mg/l) dil. factor Mg Mn Na Ni P Pb S Sr TI V Zn
TB-1 156 232 4357 1190 210 10.4 645 54.8 619 35.3 365 19.5 655
TB-2 130 282 5294 1335 223 12.4 773 69.8 736 44.3 469 24.0 762
TB-3 106 354 5265 1531 193 12.0 754 79.1 770 42.3 455 22.9 842
TB-4 112 291 5184 1493 168 12.3 771 79.5 772 41.9 437 22.4 825
mean 126 5025 1387 198 11.8 736 70.8 724 40.9 432 22.2 771
standard deviation 22.4 448 156 23,8 0.9 61.1 11.6 72.3 3.9 46.1 1.9 84.9
95% C.l. (+/-) 21.9 439 153 23.3 0.9 59.9 11.4 70.8 3.8 45.2 1.9 83.2
Load g/s (discharge=8710cfs) 31071 156 43.1 6.2 0.4 22.9 2.2 22.5 1.3 13.4 0.7 24.0
BF-1 82.6 460 7166 598 168 <0.015 508 <0.06 386 26.2 94.7 11.0 47.8
BF-2 209 178 5954 496 67.1 5.2 441 11.7 224 19.2 76.7 9.5 38.4
BF-3 147 322 6580 448 124 6.4 431 <0.06 266 21.3 116 12.6 44.8
BF-4 118 376 7027 532 133 6.7 620 <0.06 292 21.9 113 10.6 49.9
mean 139 6682 519 123 6.1 500 <PQL 292 22.1 100 10.9 45.2
standard deviation 53.4 546 63.3 42.0 0.8 87.1 na 68.8 2.9 18.4 1.3 5.0
95% C.l. (+/-) 52.3 535 62.0 41.2 0.7 85.3 na 67.5 2.9 18.0 1.2 4.9
Load g/s (discharge=10200cfs) 40128 268 20.8 4.9 0.2 20.1 0.0 11.7 0.9 4.0 0.4 1.8
DCB-1 108 276 6451 963 168 9.5 622 43.4 707 30.4 275 16.7 479
DCB-2 111 273 7375 1004 197 11.0 624 41.0 588 31.6 322 18.3 485
DCB-3 106 309 5482 1053 122 7.9 593 46.6 532 28.1 197 13.5 472
DCB-4 91.8 311 6755 1040 139 9.3 620 43.1 577 29.1 235 14.9 417
mean 104 6516 1015 156 9.4 615 43.5 601 29.8 257 15.8 463
standard deviation 8.4 789 40.2 32.8 1.3 14.7 2.3 74.9 1.5 53.8 2.1 31.6
95% C.l. (+/-) 8.2 774 39.4 32.1 1.3 14.4 2.3 73.4 1.5 52.7 2.1 30.9
Load g/s (discharge=18300cfs) 53953 352 54.8 8.4 0.5 33.2 2.3 32.4 1.6 13.9 0.9 25.0
Load increase/decrease (g/s) -17246.6 -72.7 -9.2 -2.7 -0.1 -9.8 0.1 -1.8 •0.6 -3.6 -0.3 -0.8
% Trapped 24.2 17.1 14.4 24.0 16.6 22.7 -6.8 5.3 25.6 20.4 24.3 3.0
FB-1 131 245 6815 823 168 10.1 572 38.4 565 30.0 297 18.2 440
FB-2 110 275 7074 988 170 10.7 622 41.6 598 31.6 284 17.4 467
FB-3 125 257 6376 942 126 10.0 596 48.9 532 27.6 246 15.7 485
FB-4 127 266 6731 906 144 10,0 582 47.8 522 28.2 287 17.2 439
mean 123 6749 915 152 10.2 593 44.2 554 29.3 278 17.1 458
standard deviation 9.4 288 69.6 20.9 0.4 21.8 5.0 34.4 1.8 22.5 1.0 22.4
95% C.l. (+/-) 9.2 282 68.2 20.5 0.4 21.4 4.9 33.7 1.8 22.1 1.0 22.0
Load g/s (discharge=18300cfs) 63869 431 58.4 9.7 0.7 37.9 2.8 35.4 1.9 17.8 1.1 29.2
Load increase/decrease (g/s) -7330.6 6.8 -5.5 -1.4 0.0 -5.0 0.6 1.2 -0.3 0.3 0.0 3.5





all concentrations are in mg/Kg unless otherwise noted
6/25/97 Sample Event sus. sed. (mg/l) dil. factor A! As Ba Ca Cd Co Cr Cu Fe
TB-1 46.2 790 9211 102 298 12427 4.0 10.3 56.0 624 20429
TB-2 44.2 302 7694 88.7 242 10345 3.2 8.8 24.6 537 16868
TB-3 37.5 380 11436 119 352 14613 4.4 13.0 40.1 744 24701
TB-4 48.8 601 9669 97.6 308 13238 3.8 11.4 37.6 653 21609
mean 44.2 9503 102 300 12656 3.8 10.9 39.6 640 20902
standard deviation 4.9 1541 12.8 45.4 1785 0.5 1.8 12.9 85.4 3236
95% C.l. (+/-) 4.8 1510 12.6 44.5 1749 0.5 1.7 12.7 83.7 3172
Load g/s (discharge=4580cfs) 5730 54.4 0.6 1.7 72.5 0.0 0.1 0.2 3.7 120
BF-1+2 10.1 893 8593 17.9 512 24714 <0.005 <0.01 58.8 42.4 20827
BF-3+4 10.5 862 8032 16.4 474 23037 <0.005 <0.01 44.2 39.6 19331
mean 10.3 8313 17.1 493 23875 <PQL <PQL 51.5 41.0 20079
standard deviation 0.3 397 1.1 27.1 1186 na na 10.3 2.0 1058
95% C.l. (+/-) 0.4 550 1.5 37.6 1643 na na 14.3 2.7 1466
Load g/s (discharge=4490cfs) 1312 10.9 0.0 0.6 31.3 na na 0.1 0.1 26.3
DCB-1+4 29.2 455 8760 72.7 356 13968 2.6 9.4 55.6 468 19180
DCB-2 21.6 595 10833 92.6 434 17811 3.4 10.8 46.3 607 23599
DCB-3 23.0 522 9110 74.6 357 13913 2.6 9.4 37.4 480 20078
mean 24.6 9568 80.0 382 15230 2.9 9.9 46.5 519 20952
standard deviation 4.1 1110 11.0 44.6 2235 0.4 0.8 9.1 77.1 2336
95% C.l. (+/-) 4.6 1256 12.4 50.5 2529 0.5 0.9 10.3 87.3 2643
Load g/s (dlscharge=8680cfs) 6045 57.8 0.5 2.3 92.1 0.0 0.1 0.3 3.1 127
Load increase/decrease (g/s) -997.0 -7.5 -0.1 -0.1 -11.8 0.0 0.0 0.0 -0.6 -19.5
% Trapped 14.2 11.5 20.3 2.3 11.3 20.8 4.1 4.5 15.7 13.3
FB-1+4 25.9 638 10149 84.3 433 18367 <0.005 9.6 72.7 553 22116
FB-2 24.7 499 9924 83.2 378 15700 2.9 9.9 44.6 552 21481
FB-3 18.3 669 10536 87.4 440 16438 <0.005 10.2 47.3 597 22923
mean 22.9 10203 85.0 417 16835 2.9 9.9 54.9 567 22173
standard deviation 4.1 309 2.1 33.8 1377 na 0.3 15.5 25.7 722
95% C.l. (+/-) 4.6 350 2.4 38.2 1558 na 0.3 17.5 29.1 817
Load g/s (discharge=8680cfs) 5641 57.6 0.5 2.4 95.0 0.0 0.1 0.3 3.2 125
Load increase/decrease (g/s) -1401.1 ■7.8 -0.1 0.0 -8.9 0.0 0.0 0.0 -0.5 -21.0





6/25/97 Sample Event sus. sed. (mg/l) dil. factor K Li Mg Mn Na Ni P Pb S
TB-1 46.2 790 1939 10.9 5377 1886 350 18.3 1039 108 1228
TB-2 44.2 302 1479 8.5 4539 1693 207 14.2 902 91.1 1001
TB-3 37.5 380 2286 12.7 6809 2163 267 21.2 1323 132 1332
TB-4 48.8 601 2017 11.5 6015 2119 316 19.4 1115 104 1174
mean 44.2 1930 10.9 5685 1965 285 18.3 1095 109 1184
standard deviation 4.9 336 1.7 963 219 61.9 3.0 176 17.2 138
95% C.l. (+/-) 4.8 329 1.7 944 214 60.7 2.9 172 16.9 136
Load g/s (discharge=4580cfs) 5730 11.1 0.1 32.6 11.3 1.6 0.1 6.3 0.6 6.8
BF-1+2 10.1 893 1663 18.4 9587 1179 282 17.1 1098 <0.06 867
BF-3+4 10.5 862 1619 17.2 9006 1075 261 18.5 1045 <0.06 805
mean 10.3 1641 17.8 9297 1127 271 17.8 1071 <PQL 836
standard deviation 0.3 31.3 0.9 411 74.0 14.7 1.0 37.9 na 43.8
95% C.l. (+/-) 0.4 43.4 1.2 569 103 20.3 1.4 52.5 na 60.7
Load g/s (discharge=4490cfs) 1312 2.2 0.0 12.2 1.5 0.4 0.0 1.4 0.0 1.1
DCB-1+4 29.2 455 1738 12.3 6286 1616 338 16.5 1067 74.2 1144
DCB-2 21.6 595 2184 14.7 7537 1847 284 18.4 1265 104 1432
DCB-3 23.0 522 1884 12.9 6541 1501 262 14.5 1062 80.4 1150
mean 24.6 1935 13.3 6788 1655 295 16.5 1131 86.2 1242
standard deviation 4.1 228 1.2 661 176 39.1 2.0 116 15.6 165
95% C.l. (+/-) 4.6 258 1.4 748 199 44.2 2.2 131 17.7 186
Load g/s (disctiarge=8680cfs) 6045 11.7 0.1 41.0 10.0 1.8 0.1 6.8 0.5 7.5
Load increase/decrease (g/s) -997.0 -1.5 0.0 -3.7 -2.7 -0.2 0.0 -0.8 -0.1 -0.4
% Trapped 14.2 11.5 6.1 8.3 21.5 10.4 22.4 11.0 16.6 4.7
FB-1+4 25.9 638 1987 13.9 7249 1809 375 19.1 1197 89.6 1407
FB-2 24.7 499 2013 13.7 7084 1656 274 19.3 1173 87.3 1307
FB-3 18.3 669 2030 14.4 7387 2141 340 18.2 1243 94.7 1397
mean 22.9 2010 14.0 7240 1869 330 18.9 1204 90.6 1370
standard deviation 4.1 21.7 0.4 152 248 51.0 0.6 35.5 3.8 55.1
95% C.l. (+/-) 4.6 24.5 0.4 172 280 57.8 0.7 40.2 4.3 62.4
Load g/s (discharge=8680cfs) 5641 11.3 0.1 40.8 10.5 1.9 0.1 6.8 0.5 7.7
Load Increase/decrease (g/s) -1401.1 •1.9 0.0 •3.9 -2.2 -0.1 0.0 -0.9 -0.1 -0.1





all concentrations are in mg/Kg unless otherwise noted
6/25/97 Sample Event sus. sed. (mg/l) dil. factor Sr Ti V Zn
TB-1 46.2 790 51.2 587 26.2 952
TB-2 44.2 302 42.3 451 21.9 831
TB-3 37.5 380 61.5 629 32.5 1174
TB-4 48.8 601 54.8 629 27.9 1059
mean 44.2 52.4 574 27.1 1004
standard deviation 4.9 8.0 84.3 4.4 147
95% C.l. (+/-) 4.8 7.9 82.6 4.3 144
Load g/s (discharge=4580cfs) 5730 0.3 3.3 0.2 5.8
BF-1+2 10.1 893 33.7 290 19.7 76.7
BF-3+4 10.5 862 31.7 268 18.4 73.9
mean 10.3 32.7 279 19.1 75.3
standard deviation 0.3 1.4 15.3 0.9 2.0
95% C.l. {+/-) 0.4 1.9 21.2 1.3 2.7
Load g/s (discharge=4490cfs) 1312 0.0 0.4 0.0 0.1
DCB-1+4 29.2 455 42.5 454 23.7 724
DCB-2 21.6 595 50.0 534 29.4 905
DCB-3 23.0 522 42.0 475 25.8 732
mean 24.6 44.8 488 26.3 787
standard deviation 4.1 4.5 41.3 2.9 102
95% C.l. (+/-) 4.6 5.1 46.8 3.3 115
Load g/s (discharge=8680cfs) 6045 0.3 2.9 0.2 4.8
Load increase/decrease (g/s) -997.0 -0.1 -0.7 0.0 ■1.1
% Trapped 14.2 21.1 19.3 11.9 18.7
FB-1+4 25.9 638 53.7 535 26.5 842
FB-2 24.7 499 45.8 486 26.0 831
FB-3 18.3 669 50.2 534 26.5 926
mean 22.9 49.9 519 26.3 866
standard deviation 4.1 3.9 28.0 0.3 52.0
95% C.l. (+/-) 4.6 4.5 31.7 0.4 58.8
Load g/s (discharge=8680cfs) 5641 0.3 2.9 0.1 4.9
Load Increase/decrease (g/s) -1401.1 ■0.1 ■0.7 0.0 ■1.0












95% C.I. (+/-) 1.4







95% C.l. (+/-) 0.4







95% C.l. (+/-) 0.7
Load g/s (discharge=3900cfs) 0.0005








95% C.l. (+/-) 0.5
Load g/s (discharge=3900cfs) 0.0005





As Results fo r Hydride Generation Atomic Adsoptlon Spectrometry Analysis 
(B lackfoot Samples Only)







BF-1 4 /2 3 4 /2 3 /9 7 10.6 850 1.19 10.70
B F -2  4 /2 3 4 /2 3 /9 7 10.6 515 1.55 8 .4 5
B F-3  4 /2 3 4 /2 3 /9 7 10.6 647 1.49 10.19
B F-4  4 /2 3 4 /2 3 /9 7 10.6 604 1.54 9 .84
Mean 9 .80
Std Dev. 0.96
Std. Mean Error 0.48
% RSD 9.81
BF-1 5 /1 2 5 /1 2 /9 7 21 .5 315 1.36 9.21
B F-2  5 /1 2 5 /1 2 /9 7 21 .5 232 1.74 8.71
B F-3  5 /1 2 5 /1 2 /9 7 21 .5 244 1.64 8.61
B F-4  5 /1 2 5 /1 2 /9 7 21 .5 205 1.76 7 .76
Mean 8.57
Std Dev. 0.60
Std. Mean Error 0.30
% RSD 7.01
BF-1 5 /2 0 5 /2 0 /9 7 2 0 .9 186 1.81 7 .04
B F-2  5 /2 0 5 /2 0 /9 7 2 0 .8 164 1.72 5 .86
B F-3  5 /2 0 5 /2 0 /9 7 20 .8 175 1.38 5 .02
B F-4  5 /2 0 5 /2 0 /9 7 20 .8 179 1.76 6 .5 6
Mean 6 .1 2
Std Dev. 0.88
Std. Mean Error 0.44
% RSD 14.34
BF-1 6 /4 6 /4 /9 7 10.6 45 9 2 .16 10 .45
B F-2  6 /4 6 /4 /9 7 31 .3 177 1.65 9 .13
B F -3  6 /4 6 /4 /9 7 21.1 321 1.26 8.51
B F-4  6 /4 6 /4 /9 7 2 1 .2 376 1.28 10.19
Mean 9 .57
Std Dev. 0.91
Std. Mean Error 0.45
% RSD 9.47
B F -1 +2 6 /2 5 6 /2 5 /9 7 10.6 893 1.79 16.93
B F -3 + 4  6 /2 5 6 /2 5 /9 7 10.6 861 1.70 15.48
Mean 16.20
Std Dev. 1.02
Std. Mean Error 0.72
% RSD 6.31
Soikes (ua/l) raw conc. uq/l raw conc. uq/l raw  conc. uq/l
B F-3  5 /20 1.38 B F-4 6 /4 1.28 B F-2 5 /20 1.72
B F-3  5 /20  spike 2 .2 3 B F-4  6 /4  spike 2 .15 BF-2 5 /20  spike 2.61
% recovery 99 % recovery 100 % recovery 107
DuoHcates raw  conc. ua/i raw conc. uq/l raw conc. uq/l
B F -2  4 /2 3 1.55 B F-4  5 /12 1.76 BF-2 5 /12 1 .74
B F-2  4 /2 3  dup 1.53 B F-4 5 /12  dup 1.82 BF-2 5 /12  dup 1.71
% difference 1 .65 % difference 3.23 % difference 2 .1 5
External Standards R eoorted M ean Result Percent D ifference
U S G S  T -1 4 3 15.2 15.0 1.32








Sample Name AI As Ba Ca Cd Co Cr Cu Fe K Li Mg Mn
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.015 0.5 0.005 0.005 0.005
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
Internal Standard Blanks
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 0.007 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <.0000 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <.0000 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <.0000 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <.0000 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Standard Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
# above PQL 0 0 0 0 0 0 1 0 0 0 0 0 0
Maximum Concentration NA NA NA NA NA NA 0.007 NA NA NA NA NA NA
Dlaestion Blanks
Digestion Blank <0.035 <0.065 <0.009 0.156 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.072 <0.005
Digestion Blank <0.035 <0.065 <0.009 <0.01 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.023 <0.005
Digestion Blank <0.035 <0.065 <0.009 0.013 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.023 <0.005
Digestion Blank 0.070 <0.065 <0.009 0.267 <0.005 <0.01 <0.005 <0.005 0.021 <0.5 <0.005 0.057 <0.005
Digestion Blank <0.035 <0.065 <0.009 0.104 <0.005 <0.01 <0.005 <0.005 0.018 <0.5 <0.005 0.022 <0.005
Digestion Blank 0.042 <0.065 <0.009 0.063 <0.005 <0.01 <0.005 <0.005 0.017 <0.5 <0.005 0.016 <0.005
Digestion Blank 0.048 <0.065 <0.009 0.070 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.016 <0.005
Digestion Blank 0.055 <0.065 <0.009 0.062 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.014 <0.005
Digestion Blank <0.035 <0.065 <0.009 0.204 <0.005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 0.037 <0.005
Digestion Blank <0.035 <0.065 <0.009 0.022 <0.005 <0.01 <0.005 <0.005 0.040 <0.5 <0.005 0.012 <0.005
Digestion Blank <0.035 <0.065 <0.009 0.051 <0.005 <0.01 <0.005 <0.005 0.033 <0.5 <0.005 0.011 <0.005
# above PQL 4 0 0 10 0 0 0 0 5 0 0 11 0
Maximum Concentration 0.07 NA NA 0.267 NA NA NA NA 0.04 NA NA 0.072 NA
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Sample Name Na Ni P Pb 8 Sr Ti V Zn
PQL 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
Internal Standard Blanks
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Standard Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
# above PQL 0 0 0 0 0 0 0 0 0
Maximum Concentration NA NA NA NA NA NA NA NA NA
Dlaestion Blanks
Digestion Blank 1.279 <0.015 <0.07 <0.06 0.105 <0.005 <0.005 <0.01 0.035
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 0.041
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 0.042
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Digestion Blank <0.25 <0.015 <0.07 <0.06 0.084 <0.005 <0.005 <0.01 <0.005
Digestion Blank <0.25 <0.015 <0.07 <0.06 0.086 <0.005 <0.005 <0.01 0.0079
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 0.006
Digestion Blank <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 <0.005
# above PQL 1 0 0 0 3 0 0 0 4
Maximum Concentration 1.279 NA NA NA 0.105 NA NA NA 0.042
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Sample Name A! As Ba Ca Cd Co Cr Cu Fe K LI Mg Mn
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.015 0.5 0.005 0.005 0.005
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
E auiom ent B lanks*
Filter tvoe 1
Equip./Filter Blank 3/20/97 <0.035 <0.065 0.011 0.2597 <0.005 <0.01 0.010 <0.005 0.022 <0.5 <0.005 0.064 <0.005
Equip./Filter Blank 3/20/97 <0.035 <0.065 <0.009 0.238 <0.005 <0.01 0.009 <0.005 0.025 <0.5 <0.005 0.079 <0.005
Equip./Filter Blank 3/20/97 <0.035 <0.065 <0.009 0.2711 <0.005 <0.01 0.011 <0.005 0.023 <0.5 <0.005 0.071 <0.005
EquipVFilter Blank 3/20/97 <0.035 <0.065 <0.009 0.3553 <0.005 <0.01 0.016 <0.005 0.022 <0.5 <0.005 0.097 <0.005
Equip./Filter Blank ZI20I97 <0.035 <0.065 0.014 0.1004 <0.005 <0.01 0.012 <0.005 0.036 <0.5 <0.005 0.028 <0.005
Equip./Filter Blank 4/23/97 <0.035 <0.065 <0.009 0.4202 <0.005 <0.01 0.023 <0.005 <0.015 <0.5 <0.005 0.058 <0.005
# above PQL 0 0 2 6 0 0 6 0 5 0 0 6 0
Maximum Concentration NA NA 0.014 0.4202 NA NA 0.023 NA 0.036 NA NA 0.097 NA
Filter tvoe 2
Equip./Filter Blank 5/12/97 0.083 <0.065 <0.009 0.1547 <0.005 <0.01 0.041 <0.005 0.068 <0.5 <0.005 0.023 <0.005
Equip./Filter Blank 5/20/97 0.044 <0.065 <0.009 0.3312 <0.005 <0.01 0.034 <0.005 0.042 <0.5 <0.005 0.028 <0.005
Equip./Filter Blank 6/4/97 <0.035 <0.065 <0.009 0.3594 <0.005 <0.01 0.033 <0.005 0.055 <0.5 <0.005 0.014 <0.005
Equip./Filter Blank 6/25/97 <0.035 <0.065 <0.009 0.1899 <0.005 <0.01 0.036 <0.005 0.073 <0.5 <0.005 0.018 <0.005
# above PQL 2 0 0 4 0 0 4 0 4 0 0 4 0
Maximum Concentration 0.083 NA NA 0.3594 NA NA 0.041 NA 0.073 NA NA 0.028 NA
S vrlnae Acrodlsk Blanks
Syringe Acrodlsk Blank <0.035 <0.065 <0.009 <0.01 <.0005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Syringe Acrodisk Blank <0.035 <0.065 <0.009 <0.01 <.0005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
Syringe Acrodisk Blank <0.035 <0.065 <0.009 <0.01 <.0005 <0.01 <0.005 <0.005 <0.015 <0.5 <0.005 <0.005 <0.005
# above PQL 0 0 0 0 0 0 0 0 0 0 0 0 0
Maximum Concentration NA NA NA NA NA NA NA NA NA NA NA NA NA
Maximum Possible 
Contamination for 3/20/97 and
4/23/97 Samples** 0.07 0 0.014 0.420 0 0 0.030 0 0.04 0 0 0.097 0
Max. Possible Contamination 
for Samples Collected After 
4/23/97** 0.083 0 0 0.359 0 0 0.041 0 0.073 0 0 0.072 0
Two different filters were used, whicti have different compostion based on blank analysis. 
* standard blank + higher of digestion blank and applicable filter blank + syringe blank.
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Sample Name Na Ni P Pb S Sr Ti V Zn
PQL 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
EauiDm ent B lanks*
Filter tvoe 1
Equip./Filter Blank 3/20/97 1.348 <0.015 <0.07 <0.06 1.177 <0.005 <0.005 <0.01 0.036
Equip./Fllter Blank 3/20/97 1.595 <0.015 <0.07 <0.06 1.626 <0.005 <0.005 <0.01 0.034
Equip./Filter Blank 3/20/97 1.622 <0.015 <0.07 <0.06 1.605 <0.005 <0.005 <0.01 0.039
Equip./Filter Blank 3/20/97 1.832 <0.015 <0.07 <0.06 2.053 <0.005 <0.005 <0.01 0.059
Equip./Filter Blank 3/20/97 <0.25 <0.015 <0.07 <0.06 1.155 <0.005 <0.005 <0.01 0.047
Equip./Filter Blank 4/23/97 <0.25 <0.015 <0.07 <0.06 1.539 <0.005 <0.005 <0.01 0.016
# above PQL 4 0 0 0 6 0 0 0 6
Maximum Concentration 1.8 NA NA NA 2.053 NA NA NA 0.059
Filter tvoe 2
Equip./Filter Blank 5/12/97 <0.25 <0.015 <0.07 <0.06 0.101 <0.005 <0.005 <0.01 0.018
Equip./Filter Blank 5/20/97 <0.25 <0.015 <0.07 <0.06 <0.07 <0.005 <0.005 <0.01 0.017
Equip./Filter Blank 6/4/97 <0.25 <0.015 <0.07 <0.06 0.128 <0.005 <0.005 <0.01 0.005
Equip./Filter Blank 6/25/97 <0.25 <0.015 <0.07 <0.06 0.085 <0.005 <0.005 <0.01 <0.005
# above PQL 0 0 0 0 3 0 0 0 3
Maximum Concentration NA NA NA NA 0.128 NA NA NA 0.018
Svrinae Acrodlsk Blanks
Syringe Acrodisk Blank <0.25 <0.015 <.0000 <0.06 0.078 <0.005 <0.005 <0.01 <0.005
Syringe Acrodisk Blank <0.25 <0.015 <.0000 <0.06 0.130 <0.005 <0.005 <0.01 0.006
Syringe Acrodisk Blank <0.25 <0.015 <.0000 <0.06 0.096 <0.005 <0.005 <0.01 <0.005
# above PQL 0 0 0 0 3 0 0 0 1
Maximum Concentration NA NA NA NA 0.130 NA NA NA 0.006
Maximum Possible
Contamination for 3/20/97 and
4/23/97 Samples** _ 1.83^ 0 0____ 0 2.183 0 0 0 0.065
Max. Possible Contamination
for Samples Collected After
4/23/97** 0 0 0 0 0.258 0 0 0 0.048
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Sample Name AI As Ba Ca Cd Co Cr Cu Fe K Li Mg
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
DCB-1 5/20 5519.83 25.03 226.18 12394.47 1.25 5.64 13.62 161.67 12073.79 1031.10 11.08 6142.21
DCB-1 5/20 DUP 5521.73 26.36 222.58 12271.13 1.33 5.41 13.26 161.76 11891.63 1020.10 11.14 6134.62
percent difference 0.03 5.17 1.61 1.00 5.88 4.12 2.68 0.06 1.52 1.07 0.51 0.12
FB-1 5/20 5045.15 26.96 244.41 13139.27 1.20 5.39 15.52 158.00 11537.37 1012.95 9.37 5864.68
FB-1 5/20 DUP 5084.37 26.57 243.79 13079.40 1.30 5.53 16.04 160.21 11558.02 1011.09 9.33 5893.58
percent difference 0.77 1.47 0.25 0.46 8.26 2.65 3.27 1.39 0.18 0.18 0.44 0.49
TB-2 5/12(4) 9164.85 66.90 290.48 10956.36 2.92 8.34 23.62 426.64 15798.56 1789.72 9.90 5274.72
TB-2 5/12 DUP 8734.89 65.77 292.02 10989.63 2.58 8.37 23.47 404.63 15916.29 1785.11 9.78 5241.45
percent difference 4.80 1.70 0.53 0.30 12.09 0.31 0.65 5.30 0.74 0.26 1.30 0.63
FB-3 5/12 (4) 4394.90 18.27 188.77 10067.35 1.01 3.93 11.61 130.54 8668.14 803.77 7.34 4074.14
FB/3 5/12 DUP 4184.75 20.83 189.51 9943.84 0.96 4.02 11.93 122.80 8710.54 781.83 7.12 4022.52
percent difference 4.90 13.11 0.39 1.23 5.61 2.32 2.66 6.11 0.49 2.77 3.06 1.28
TB-2 6/4 8340.99 64.91 254.99 8028.42 2.73 7.55 24.39 405.79 15578.11 1800.27 10.02 5294.08
TB-2 6/4 DUP 8149.50 62.77 250.93 7831.30 2.76 7.80 24.44 395.08 15372.54 1752.40 9.69 5161.73
percent difference 2.32 3.35 1.60 2.49 1.03 3.30 0.23 2.67 1.33 2.69 3.43 2.53
DCB-2 6/4 6717.55 36.71 293.70 15678.82 2.05 6.31 23.17 236.25 13948.26 1427.58 12.20 7375.38
DCB-2 6/4 DUP 6630.20 36.88 293.70 15654.26 1.97 6.50 22.90 231.82 13945.53 1368.89 11.49 7263.47
percent difference 1.31 0.45 0.00 0.16 4.08 2.99 1.18 1.89 0.02 4.20 5.99 1.53
BF-2 6/4 2420.00 10.87 237.38 20646.42 <0.005 3.70 10.54 33.56 8235.47 509.76 4.18 5954.06
BF-2 6/4 DUP 2391.57 11.44 233.29 20291.06 <0.005 3.75 10.32 33.00 8107.54 497.68 4.10 5879.43
percent difference 1.18 5.10 1.74 1.74 na 1.43 2.04 1.71 1.57 2.40 1.72 1.26
FB-2 6/4 6367.55 38.16 309.86 15429.90 1.68 6.35 23.93 222.81 13441.07 1319.93 11.04 7073.53
FB-2 6/4 DUP 6347.42 36.24 296.21 14318.79 1.73 6.57 23.66 215.15 13571.38 1282.95 11.24 6954.68
percent difference 2.97 3.16 0.37 5.05 2.92 1.33 3.90 3.23 0.28 3.13 1.93 1.51
TB-2 6/25 (8/6) 9089.30 94.82 279.68 11613.77 0.01 10.33 31.86 591.56 19631.07 1816.95 10.09 5411.30
TB-2 DUP 6/25 (8/6) 9158.75 93.10 268.33 11052.10 0.01 9.42 29.71 598.50 19123.76 1794.61 10.48 5405.26
percent difference 0.76 1.83 4.14 4.96 1.75 9.17 6.96 1.17 2.62 1.24 3.82 0.11
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Duplicates
Sample Name Mn Na Ni P Pb 8 Sr Ti V Zn
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
DCB-1 5/20 630.73 97.46 8.92 552.74 31.12 492.21 24.72 224.66 15.73 346.48
DCB-1 5/20 DUP 628.45 96.89 9.24 542.31 31.75 481.78 24.48 224.09 15.67 345.35
percent difference 0.36 0.59 3.55 1.91 1.99 2.14 1.00 0.25 0.36 0.33
FB-1 5/20 669.04 99.52 8.92 562.32 31.81 500.59 24.09 213.45 14.68 349.07
FB-1 5/20 DUP 668.83 97.43 8.44 565.00 30.12 504.72 24.34 214.69 14.76 347.63
percent difference 0.03 2.12 5.47 0.48 5.47 0.82 1.02 0.58 0.56 0.41
TB-2 5/12(4) 1396.35 152.12 12.90 998.38 76.60 1023.21 50.73 483.45 23.21 700.74
TB-2 5/12 DUP 1403.26 153.46 12.16 976.88 72.81 1016.81 49.83 485.50 23.49 708.16
percent difference 0.49 0.87 5.92 2.18 5.07 0.63 1.78 0.42 1.21 1.05
FB-3 5/12 (4) 544.57 59.69 6.73 478.20 24.41 438.75 21.29 202.42 12.22 251.64
FB/3 5/12 DUP 541.25 57.39 6.30 482.08 25.26 443.55 21.22 201.68 12.15 249.24
percent difference 0.61 3.94 6.51 0.81 3.41 1.09 0.35 0.36 0.61 0.96
TB-2 6/4 1334.50 222.80 12.39 772.99 69.75 736.38 44.27 468.86 23.96 762.01
TB-2 6/4 DUP 1299.30 214.72 11.35 763.70 70.63 733.00 43.73 455.63 23.03 740.04
percent difference 2.67 3.69 8.78 1.21 1.24 0.46 1.22 2.86 3.95 2.92
DCB-2 6/4 1003.67 196.56 11.00 623.71 41.03 588.23 31.55 322.37 18.34 484.78
DCB-2 6/4 DUP 998.21 186.95 10.92 620.98 45.80 589.32 31.28 319.91 17.88 481.50
percent difference 0.55 5.01 0.75 0.44 11.00 0.19 0.87 0.76 2.56 0.68
BF-2 6/4 498.04 67.07 5.24 441.36 11.67 224.05 19.19 76.72 9.52 38.41
BF-2 6/4 DUP 490.57 65.72 5.24 431.58 11.30 222.10 18.83 75.50 9.17 38.02
percent difference 1.51 2.03 0.00 2.24 3.25 0.88 1.87 1.61 3.80 1.02
FB-2 6/4 988.10 169.96 10.71 622.20 41.64 597.75 31.65 284.04 17.42 466.99
FB-2 6/4 DUP 943.59 145.41 10.63 624.03 51.22 553.41 29.24 298.41 17.94 455.86
percent difference 0.84 3.55 0.24 0.59 2.10 0.60 2.61 1.88 2.57 0.12
TB-2 6/25 (8/6) 1719.12 212.35 16.88 1051.16 105.21 1058.40 48.89 499.76 25.85 932.79
TB-2 DUP 6/25 (8/6) 1679.56 213.31 16.25 1032.13 103.91 1039.98 48.62 492.51 25.27 910.14
percent difference 2.33 0.45 3.83 1.83 1.24 1.76 0.56 1.46 2.24 2.46
Appendix B
Quality Assurance/Quality Control Results (Duplicates)
215
Sample Name AI As Ba Ca Cd Co Or Cu Fe K Li Mg
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
TB-3 6/25 (8/6) 9681.13 111.67 303.88 13017.09 0.01 11.09 30.89 675.93 21224.01 1860.62 10.75 5710.65
TB-3 DUP 6/25 (8/6) 9768.51 108.59 294.80 12542.15 0.01 10.87 30.05 699.87 20654.08 1951.42 11.25 5798.04
percent difference 0.90 2.79 3.03 3.72 1.85 2.08 2.74 3.48 2.72 4.76 4.49 1.52
TB-4 6/25 (8/6) 9668.64 97.59 307.85 13238.05 0.01 11.42 37.56 653.19 21608.72 2017.25 11.48 6015.11
TB-4 DUP 6/25 (8/6) 9878.96 100.83 298.77 12715.26 0.01 11.96 38.22 669.41 21055.89 1994.42 11.60 6093.23
percent difference 2.15 3.27 2.99 4.03 0.00 4.63 1.74 2.45 2.59 1.14 1.04 1.29
FB-3 5/12 16044.00 67.65 649.05 34574.82 <0.005 15.71 37.44 458.19 33658.98 2891.26 27.14 14105.35
FB-3 5/12 DUP 15937.04 66.25 684.54 36506.79 0.006 14.24 42.12 473.36 31432.87 2914.66 26.61 14773.85
percent difference 0.67 2.10 5.32 5.44 na 9.82 11.76 3.26 6.84 0.81 1.99 4.63
Mean Difference 1.7 3.8 2.2 2.7 4.4 3.9 3.1 2.7 1.8 2.0 2.5 1.4
Standard Deviation 1.6 3.3 1.8 2.4 3.7 2.9 3.2 1.7 1.8 1.5 1.7 1.2
95% C.l. 0.8 1.7 0.9 1.2 1.9 1.5 1.6 0.9 0.9 0.8 0.9 0.6
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DuDlicates
Sample Name Mn Na Ni P Pb S Sr Ti V Zn
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
TB-3 6/25 (8/6) 2129.62 260.65 17.90 1134.91 114.67 1259.15 53.19 567.65 27.55 1045.24
TB-3 DUP 6/25 (8/6) 2089.35 249.25 16.26 1147.07 111.86 1264.47 54.75 565.37 27.62 1031.94
percent difference 1.91 4.47 9.57 1.07 2.48 0.42 2.89 0.40 0.28 1.28
TB-4 6/25 (8/6) 2119.41 315.66 19.41 1115.29 104.08 1173.58 54.80 629.15 27.94 1059.40
TB-4 DUP 6/25 (8/6) 2088.16 319.14 19.77 1116.49 102.33 1163.96 55.28 630.35 27.82 1022.15
percent difference 1.49 1.10 1.84 0.11 1.69 0.82 0,87 0.19 0.43 3.58
FB-3 5/12 1859.10 229.16 24.47 1958.04 81.36 1542.90 72.47 721.98 42.85 819.58
FB-3 5/12 DUP 1974.75 216.46 24.40 1734.09 88.51 1591.03 77.21 734.01 44.32 912.50
percent difference 6.03 5.70 0.27 12.13 8.42 3.07 6.34 1.65 3.37 10.73
Mean Difference 1.9 3.8 3.9 2.1 5.5 1.7 2.2 1.3 1.9 2.3
Standard Deviation 1.8 4.1 3.3 3.3 5.6 2.1 2.4 1.4 1.4 2.8
95% C.l. 0.9 2.1 1.7 1.6 2.9 1.0 1.2 0.7 0.7 1.4
Appendix B
Quality Assurance/Quality Control Results (Duplicates)
217
Fortified Samples
Sample Name At As Ba Ca Cd Co Cr Cu Fe K LI Mg
Spike concentration 25 0.2 1 8 0.01 0.04 0.08 1 50 5 0.05 25
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
FB-3 5/12 24 0.1012 0.9709 51.72 <0.005 0.0235 0.056 0.6854 50.35 4.325 0.0406 21.1
FB-3 5/12 SPIKE 48.22 0.3241 1.834 54.35 0.0142 0.0644 0.1379 1.627 96.69 8.529 0.0852 41.57
% Recovery 106 117 96 98 na 108 109 101 103 93 97 90
FB-1 5/12(3) 26.79 0.1439 1.29 70.54 0.0063 0.0258 0.0796 0.8646 53.53 5.104 0.0397 25.15
FB-1 5/12 SPIKE 50.86 0.3456 2.116 67.48 0.0157 0.0676 0.1483 1.779 101 9.445 0.0873 44.46
% Recovery 107 108 96 50 100 111 96 100 106 97 103 87
008-4 5/12(14) 23.66 0.1743 1.54 89.42 0.0097 0.0377 0.0837 1.254 57.56 4.499 0.0279 27.37
DCB-4 5/12 SPIKE 48.09 0.4019 2.375 84.98 0.0183 0.0806 0.1595 2.111 107.8 9.042 0.0754 46.52
% Recovery 107 123 99 56 96 117 105 98 112 100 101 88
DCB-1 5/12(11) 24.59 0.1679 1.436 88.82 0.0086 0.0348 0.0854 1.221 55.58 4.791 0.0311 26.62
DCB-1 5/12 SPIKE 48.32 0.3826 2.286 84.54 0.0161 0.0791 0.1593 2.071 104.3 9.431 0.0775 45.5
% Recovery 105 116 99 58 84 119 103 97 109 102 99 86
FB-4 5/12 (5) 31.15 0.135 1.329 64.31 0.0077 0.0262 0.0774 0.9302 57.62 5.613 0.0509 27.96
FB-4 5/12 SPIKE 54.17 0.3624 2.199 63.92 0.0155 0.0711 0.1526 1.793 107.5 9.545 0.0927 46.04
% Recovery 105 120 100 76 86 119 104 96 111 90 94 84
□08-3 5/12(13) 21.86 0.1224 1.125 59,72 0.006 0.0373 0.0756 0.795 45.7 4.157 0.0318 21.03
DOB-3 5/20 SPIKE 49.16 0.3526 2.009 61.02 0.0157 0.0698 0.1431 1.732 103.7 9.433 0.0894 47.21
% Recovery 118 121 100 91 103 91 94 102 125 114 122 113
FB-4 5/20 35.5 0.1199 1.237 61.46 0.0072 0.0298 0.0736 0.8155 72.27 5.976 0.0746 36.6
FB-4 5/20 SPIKE 60.15 0.3532 2.094 61.83 0.0148 0.0731 0.1466 1.746 120.7 10.06 0.1155 53.67
% Recovery 113 123 98 81 83 116 100 101 111 94 97 83
DOB-2 5/20 25.63 0.1382 1.24 66.69 0.007 0.0277 0.0649 0.8772 56.94 5.005 0.0477 30.88
DOB-2 5/20 SPIKE 51.15 0.357 2.136 65.48 0.0152 0.0712 0.1383 1.823 108.2 9.342 0.093 49.32
% Recovery 112 116 102 68 89 116 100 103 114 97 100 86
FB-3 5/20 23.44 0.1243 1.188 59.32 0.0058 0.0278 0.0604 0.7448 54.65 4.631 0.0434 28.06
FB-3 5/20 SPIKE 50.67 0.3657 2.181 60.25 0.0161 0.076 0.1428 1.76 109.7 9.374 0.0909 48.6
% Recovery 118 127 111 86 109 127 111 109 121 104 104 93
DOB-2 5/12 (12) 21.3 0.1528 1.279 78.11 0.007 0.0309 0.0758 0.9739 49.38 4.218 0.0272 23.32
DOB-2 5/12 SPIKE 45.19 0.3721 2.19 76.09 0.0154 0.0752 0.1528 1.77 100.7 8.248 0.0697 42.02
% Recovery 104 117 104 72 91 118 106 89 113 89 90 84
Mean 109 118 101 72 92 117 104 99 111 96 98 87
Standard Deviation 5 5 5 15 9 5 5 5 5 5 4 3
95% C.l. 2.4 2.7 2.4 7.8 4.5 2.8 2.4 2.7 2.6 2.7 2.2 1.7
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Fortified Samples
Sample Name Mn Na Ni P Pb S Sr Ti V Zn
Spike concentration 5 0.5 0.05 5 0.4 5 0.2 1 0.08 2
Units mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
FB-3 5/12 2.781 0.3428 0.0366 2.929 0.1217 2.308 0.1084 1.08 0.0641 1.226
FB-3 5/12 SPIKE 7.152 0.8961 0.0848 8.471 0.4901 7.191 0.2852 2.014 0.1417 3.075
% Recovery 93 118 104 117 95 102 94 104 105 99
FB-1 5/12 (3) 3.777 0.4686 0.0406 3.295 0.1645 3.2 0.1455 1.248 0.0703 1.656
FB-1 5/12 SPIKE 7.788 1.011 0.0896 9.065 0.5123 7.891 0.3122 2.154 0.1503 3.325
% Recovery 88 118 106 122 91 100 91 103 109 92
DCB-4 5/12(14) 5.428 0.4466 0.0462 4.47 0.2363 3.737 0.1634 1.055 0.0785 2.297
DCB-4 5/12 SPIKE 9.294 0.9765 0.0941 10.52 0.5885 8.631 0.3302 1.997 0.1582 3.943
% Recovery 88 115 105 130 94 105 92 105 109 94
DCB-1 5/12(11) 4.643 0.4711 0.0446 3.82 0.2201 3.83 0.1701 1.188 0.076 2.066
DCB-1 5/12 SPIKE 8.514 0.9951 0.0907 9.789 0.5674 8.71 0.3347 2.092 0.1568 3.732
% Recovery 87 114 101 127 92 105 91 102 111 94
FB-4 5/12 (5) 4.149 0.4448 0.0448 3.367 0.1666 3.113 0.1448 1.292 0.0797 1.707
FB-4 5/12 SPIKE 8.166 0.9916 0.0941 9.21 0.5295 7.819 0.3067 2.192 0.1567 3.38
% Recovery 89 118 108 124 95 100 88 103 106 92
DCB-3 5/12(13) 3.531 0.2815 0.0369 2.841 0.1599 2.805 0.12 1.087 0.0609 1.473
DCB-3 5/20 SPIKE 7.394 1.018 0.0904 8.505 0.5042 7.214 0.2881 1.992 0.1526 3.347
% Recovery 84 153 114 119 90 94 90 101 122 101
FB-4 5/20 3.326 0.5408 0.0506 2.799 0.1617 2.452 0.1308 1.204 0.0964 1.763
FB-4 5/20 SPIKE 7.436 1.095 0.1001 8.592 0.5092 7.182 0.2963 2.114 0.174 3.474
% Recovery 89 122 109 121 91 100 89 103 109 94
DCB-2 5/20 3.658 0.4867 0.0461 2.811 0.1668 2.429 0.1221 1.056 0.0769 1.78
DCB-2 5/20 SPIKE 7.812 1.061 0.0949 8.86 0.5312 7.399 0.2939 1.995 0.1561 3.52
% Recovery 90 125 107 127 95 104 92 104 109 96
FB-3 5/20 3.219 0.4144 0.0415 2.8 0.1446 2.384 0.1126 0.9154 0.0738 1.654
FB-3 5/20 SPIKE 7.92 1.025 0.097 9.225 0.5567 7.778 0.2993 1.96 0.1608 3.639
% Recovery 100 130 119 134 107 113 99 114 118 108
DCB-2 5/12 (12) 4.191 0.4211 0.0375 3.481 0.1797 3.445 0.152 1.043 0.0674 1.822
DCB-2 5/12 SPIKE 8.308 0.9915 0.091 9.199 0.5566 8.082 0.3036 1.959 0.1447 3.56
% Recovery 91 123 115 121 99 100 83 102 105 96
Mean 91 120 108 125 95 103 91 104 109 96
Standard Deviation 4 5 6 5 5 4 4 4 4 5
95% C.l. 2.1 2.6 2.8 2.6 2.5 2.1 2.1 1.8 2.0 2.4
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USGS Standard T-143
Sample Name A! As Ba Ca Cd Co Cr Cu Fe K Li Mg
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.015 0.5 0.005 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-143 <0.009 <0.065 0.088 57.46 0.019 0.017 0.042 0.023 0.236 2.59 0.017 10.96
USGS T-143 0.04 <0.065 0.089 58.41 0.020 0.017 0.042 0.023 0.246 2.56 0.017 10.99
USGS T-143 0.04 <0.065 0.090 56.10 0.020 0.017 0.042 0.023 0.238 2.53 0.017 11.03
USGS T-143 0.04 <0.065 0.089 54.39 0.020 0.017 0.042 0.023 0.241 2.54 0.017 11.02
USGS T-143 0.04 <0.065 0.090 54.91 0.020 0.017 0.042 0.023 0.241 2.53 0.017 11.03
USGS T-143 0.04 <0.065 0.090 55.72 0.020 0.017 0.043 0.023 0.243 2.61 0.018 11.13
USGS T-143 0.04 <0.065 0.089 55.45 0.020 0.018 0.043 0.023 0.242 2.60 0.018 11.13
USGS T-143 0.04 <0.065 0.089 54.78 0.020 0.017 0.041 0.023 0.240 2.59 0.018 11.04
USGS T-143 0.05 <0.065 0.089 55.31 0.020 0.017 0.041 0.023 0.240 2.54 0.018 11.12
USGS T-143 0.05 <0.065 0.088 55.14 0.020 0.016 0.040 0.023 0.238 2.49 0.017 11.04
USGS T-143 0.05 <0.065 0.088 55.00 0.021 0.016 0.040 0.023 0.240 2.53 0.017 11.03
USGS T-143 0.04 <0.065 0.088 54.83 0.020 0.017 0.041 0.023 0.238 2.50 0.017 11.05
USGS T-143 0.04 <0.065 0.090 55.71 0.020 0.017 0.041 0.023 0.243 2.52 0.017 10.99
USGS T-143 0.04 <0.065 0.088 54.47 0.019 0.017 0.041 0.021 0.238 2.48 0.017 10.96
USGS T-143 0.04 <0.065 0.089 55.09 0.019 0.017 0.041 0.021 0.241 2.49 0.017 11.04
USGS T-143 0.04 <0.065 0.088 54.01 0.018 0.017 0.042 0.021 0.238 2.52 0.017 10.84
USGS T-143 0.04 <0.065 0.088 53.79 0.019 0.016 0.041 0.022 0.235 2.50 0.017 10.94
USGS T-143 0.04 <0.065 0.088 54.34 0.019 0.017 0.041 0.021 0.238 2.46 0.017 10.93
USGS T-143 0.04 <0.065 0.088 54.15 0.019 0.016 0.041 0.022 0.239 2.43 0.017 10.95
USGS T-143 0.04 <0.065 0.087 53.56 0.019 0.017 0.041 0.021 0.238 2.48 0.017 10.90
USGS T-143 0.04 <0.065 0.087 53.35 0.018 0.016 0.040 0.021 0.236 2.53 0.017 10.87
USGS T-143 <0.035 <0.065 0.084 57.76 0.018 0.017 0.035 0.024 0.220 2.40 0.019 10.47
USGS T-143 <0.035 <0.065 0.082 57.59 0.018 0.017 0.038 0.023 0.219 2.54 0.021 10.73
USGS T-143 <0.035 <0.065 0.082 56.75 0.018 0.017 0.032 0.025 0.234 2.77 0.021 11.54
USGS T-143 <0.035 <0.065 0.082 56.75 0.018 0.017 0.036 0.025 0.223 2.68 0.022 11.07
USGS T-143 <0.035 <0.065 0.081 58.46 0.018 0.015 0.035 0.022 0.219 2.55 0.021 10.98
USGS T-143 <0.035 <0.065 0.082 57.98 0.018 0.017 0.036 0.026 0.231 2.64 0.022 11.26
USGS T-143 <0.035 <0.065 0.084 59.64 0.018 0.015 0.030 0.023 0.226 2.60 0.021 11.08
USGS T-143 <0.035 <0.065 0.086 57.21 0.018 0.019 0.036 0.022 0.244 2.59 0.018 10.40
USGS T-143 <0.035 <0.065 0.086 56.81 0.019 0.020 0.036 0.023 0.238 2.57 0.018 10.50
USGS T-143 <0.035 <0.065 0.084 55.75 0.018 0.018 0.039 0.021 0.233 2.59 0.018 10.60
USGS T-143 <.0000 <0.065 0.085 56.11 0.018 0.019 0.035 0.024 0.228 2.61 0.018 10.46
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USGS Standard T-143
Sample Name Mn Na Ni P Pb S Sr Ti V Zn
PQL 0.005 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-143 0.020 34.68 0.074 <0.07 0.097 7.76 0.320 <0.005 0.034 0.024
USGS T-143 0.020 34.10 0.074 <0.07 0.098 7.80 0.324 <0.005 0.033 0.024
USGS T-143 0.020 34.37 0.075 <0.07 0.103 7.84 0.324 <0.005 0.034 0.024
USGS T-143 0.020 34.64 0.074 <0.07 0.092 7.81 0.321 <0.005 0.034 0.023
USGS T-143 0.020 34.38 0.074 <0.07 0.096 7.87 0.321 <0.005 0.035 0.024
USGS T-143 0.021 35.46 0.074 <0.07 0.102 7.88 0.318 <0.005 0.035 0.024
USGS T-143 0.020 35.42 0.077 <0.07 0.091 7.84 0.319 <0.005 0.035 0.024
USGS T-143 0.020 35.12 0.075 <0.07 0.098 7.78 0.313 <0.005 0.035 0.023
USGS T-143 0.020 35.28 0.077 <0.07 0.094 7.71 0.313 <0.005 0.035 0.025
USGS T-143 0.020 34.77 0.076 <0.07 0.100 7.67 0.311 <0.005 0.035 0.024
USGS T-143 0.020 34.98 0.076 <0.07 0.104 7.69 0.313 <0.005 0.035 0.023
USGS T-143 0.020 34.60 0.075 <0.07 0.103 7.76 0.314 <0.005 0.035 0.023
USGS T-143 0.021 34.66 0.076 <0.07 0.098 7.72 0.310 <0.005 0.034 0.024
USGS T-143 0.020 34.36 0.076 <0.07 0.098 7.64 0.309 <0.005 0.035 0.024
USGS T-143 0.021 34.62 0.076 <0.07 0.097 7.71 0.307 <0.005 0.035 0.024
USGS T-143 0.020 34.29 0.074 <0.07 0.095 7.74 0.314 <0.005 0.034 0.023
USGS T-143 0.020 34.50 0.075 <0.07 0.089 7.68 0.310 <0.005 0.035 0.024
USGS T-143 0.020 34.48 0.075 <0.07 0.095 7.68 0.309 <0.005 0.035 0.024
USGS T-143 0.020 34.19 0.076 <0.07 0.095 7.66 0.308 <0.005 0.034 0.023
USGS T-143 0.020 34.53 0.074 <0.07 0.088 7.64 0.308 <0.005 0.035 0.024
USGS T-143 0.020 34.73 0.074 <0.07 0.096 7.60 0.309 <0.005 0.034 0.024
USGS T-143 0.017 32.12 0.071 <0.07 0.090 6.97 0.281 <0.005 0.034 0.024
USGS T-143 0.018 34.58 0.072 <0.07 0.089 7.20 0.286 <0.005 0.034 0.024
USGS T-143 0.018 39.96 0.073 <0.07 0.090 7.48 0.308 <0.005 0.034 0.024
USGS T-143 0.018 37.43 0.071 <0.07 0.096 7.29 0,296 <0.005 0.034 0.024
USGS T-143 0.018 35.39 0.071 <0.07 0.087 7.19 0.290 <0.005 0.034 0.024
USGS T-143 0.018 37.50 0.073 <0.07 0.098 7.34 0.298 <0.005 0.034 0.024
USGS T-143 0.018 36.31 0.073 <0.07 0.093 7.25 0.295 <0.005 0.034 0.024
USGS T-143 0.018 32.99 0.073 <.0000 0.092 7.42 0.283 <0.005 0.034 0.020
USGS T-143 0.018 33.09 0.073 <.0000 0.082 7.47 0.288 <0.005 0.034 0.020
USGS T-143 0.018 34.50 0.075 <.0000 0.083 7.43 0.288 <0.005 0.033 0.020
USGS T-143 0.017 33.21 0.074 <.0000 0.093 7.43 0.286 <0.005 0.034 0.020
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USGS Standard T-143
Sample Name A! As Ba Ca Cd Co Cr Cu Fe K Li Mg
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.015 0.5 0.005 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-143 <0.035 <0.065 0.086 56.88 0.018 0.019 0.038 0.023 0.236 2.53 0.017 10.41
USGS T-143 <.0000 <0.065 0.088 57.25 0.018 0.019 0.040 0.021 0.236 2.44 0.017 10.36
USGS T-143 <.0000 <0.065 0.085 59.20 0.018 0.019 0.037 0.023 0.233 2.45 0.017 10.46
USGS T-143 <0.035 <0.065 0.083 57.86 0.018 0.018 0.031 0.023 0.222 2.69 0.018 10.54
USGS T-143 <0.035 <0.065 0.082 57.83 0.019 0.017 0.035 0.020 0.234 2.57 0.019 10.62
USGS T-143 <0.035 <0.065 0.083 57.81 0.019 0.018 0.034 0.020 0.234 2.50 0.018 10.55
USGS T-143 <0.035 <0.065 0.084 55.66 0.019 0.018 0.035 0.019 0.235 2.38 0.018 10.47
USGS T-143 <.0000 <0.065 0.085 55.86 0.019 0.018 0.037 0.021 0.239 2.42 0.018 10.49
USGS T-143 <0.035 <0.065 0.084 55.35 0.019 0.017 0.040 0.020 0.242 2.35 0.019 10.72
USGS T-143 <0.035 <0.065 0.082 53.62 0.019 0.018 0.037 0.020 0.236 2.41 0.019 10.67
USGS T-143 <0.035 <0.065 0.081 53.53 0.019 0.018 0.031 0.019 0.235 2.36 0.019 10.58
USGS T-143 <.0000 <0.065 0.082 55.36 0.018 0.017 0.043 0.018 0.232 2.27 0.018 9.67
Mean <pql <pqi 0.086 55.98 0.019 0.017 0.038 0.022 0.235 2.52 0.018 10.81
Standard Deviaton 0.003 1.64 0.001 0.001 0.004 0.002 0.007 0.10 0.001 0.33
USGS reported value 0.0221+/- 0.0152+/- 0.0819+/- 53.7+/- 0.0191+/- 0.017+/- 0.037+/- 0.0223+/- 0.222+/- 2.3+/- 0.018+/-
(range) 0.0166 0.0024 0.009 4.4 0.003 0.0024 .0052 0.0028 0.028 0.32 0.0042 10.4+/-1
Mean within reported
range? na na yes yes yes yes yes yes yes yes yes yes
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USGS Standard T-143
Sample Name Mn Na Ni P Pb S Sr Ti V Zn
PQL 0,005 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-143 0.018 32.86 0.076 <.0000 0.080 7.43 0.286 <0.005 0.035 0.019
USGS T-143 0.018 32.24 0.076 <.0000 0.086 7.38 0.284 <0.005 0.034 0.019
USGS T-143 0.018 33.24 0.073 <.0000 0.082 7.37 0.288 <0.005 0.033 0.019
USGS T-143 0.017 33.48 0.071 <.0000 0.085 7.42 0.294 <0.005 0.035 0,019
USGS T-143 0.018 35.92 0.073 <.0000 0.088 7.34 0.286 <0.005 0.029 0.018
USGS T-143 0.018 35.60 0.074 <.0000 0.080 7.28 0.282 <0.005 0.029 0.019
USGS T-143 0.018 34.79 0.074 <.0000 0.086 7.26 0.279 <0.005 0.031 0.018
USGS T-143 0.018 34.69 0.076 <.0000 0.082 7.33 0.281 <0.005 0.030 0.019
USGS T-143 0.019 36.69 0.076 <.0000 0.093 7.39 0.284 <0.005 0.032 0.019
USGS T-143 0.018 36.79 0.073 <.0000 0.081 7.35 0.284 <0.005 0.031 0.018
USGS T-143 0.018 36.60 0.075 <.0000 0.082 7.23 0.280 <0.005 0.030 0.018
USGS T-143 0.018 30.84 0.074 <.0000 0.079 6.79 0.251 0.01 0.026 0.018
Mean 0.019 34.75 0.074 <pql 0.092 7.51 0.299 <pqi 0.033 0.022
Standard Deviaton 0.001 1.57 0.002 0.007 0.25 0.016 0.002 0.002
USGS reported value 0.0182+/- 0.071+/- not 0.0834+/- 7.38+/- 0.306+/- not 0.03+/- 0.02+/-
(range) 0.0038 34+/- 3.2 0.01 reported 0.0142 0.46 0.03 reported .006 0.0044
Mean within reported
range? yes yes yes na yes yes yes na yes yes
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USGS Standard T-145
Sample AI As Ba Ca Cd Co Cr Cu K Li Mg Mn
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.5 0.005 0.005 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-145 0.076 <0.065 0.040 31.810 0.009 0.010 0.019 0.011 2.26 0.027 9.16 0.023
USGS T-145 0.075 <0.065 0.041 32.100 0.010 0.010 0.020 0.011 2.26 0.026 9.13 0.022
USGS T-145 0.090 <0.065 0.040 31.570 0.010 0.010 0.018 0.011 2.17 0.027 9.29 0.023
USGS T-145 0.097 <0.065 0.039 31.470 0.010 0.009 0.017 0.010 2.05 0.026 9.22 0.023
USGS T-145 0.084 <0.065 0.041 31.090 0.010 0.009 0.020 0.010 2.13 0.026 9.18 0.023
USGS T-145 0.078 <0.065 0.040 30.720 0.009 0.010 0.020 0.010 2.13 0.026 9.06 0.022
USGS T-145 0.093 <0.065 0.040 31.220 0.010 0.009 0.017 0.010 1.99 0.026 9.14 0.023
USGS T-145 0.086 <0.065 0.040 30.790 0.009 0.009 0.019 0.010 2.08 0.026 9.07 0.023
USGS T-145 0.083 <0.065 0.041 31.150 0.009 0.010 0.019 0.010 2.10 0.026 9.14 0.023
USGS T-145 0.084 <0.065 0.040 30.680 0.009 0.009 0.019 0.010 2.11 0.026 9.09 0.023
USGS T-145 0.077 <0.065 0.040 30.450 0.009 0.010 0.020 0.010 2.16 0.026 9.01 0.022
USGS T-145 0.063 <0.065 0.039 31.910 0.009 0.011 0.018 0.011 2.32 0.026 8.77 0.020
USGS T-145 0.059 <0.065 0.039 32.690 0.009 0.011 0.015 0.011 2.21 0.026 8.83 0.020
USGS T-145 0.059 <0.065 0.038 31.910 0.008 0.011 0.013 0.012 2.29 0.026 8.78 0.020
USGS T-145 0.058 <0.065 0.037 31.560 0.009 0.011 0.015 0.009 2.18 0.027 8.81 0.020
USGS T-145 0.058 <0.065 0.039 31.020 0.010 0.011 0.014 0.009 2.07 0.026 8.88 0.021
USGS T-145 0.073 <0.065 0.039 31.010 0.010 0.011 0.015 0.009 2.02 0.026 8.87 0.021
USGS T-145 0.064 <0.065 0.038 30.760 0.010 0.011 0.010 0.006 2.04 0.027 8.92 0.021
USGS T-145 0.071 <0.065 0.036 28.960 0.010 0.011 0.014 0.007 1.94 0.028 8.89 0.020
Mean 0.075 <pql 0.039 31.204 0.009 0.010 0.017 0.010 2.13 0.026 9.01 0.022
Standard Deviaton 0.012 0.001 0.791 0.001 0.001 0.003 0.001 0.10 0.001 0.16 0.001
USGS reported value 0.067+/- 0,00988+/- 0.0371+/- 0.00933+/- 0.01+/- 0.0153+/- 0.0011+/- 0.0273+/- 0.0209+/-
(range) 0.022 0.00208 0.0038 30.7+/- 2.6 0.00164 0.0018 0.0028 0.0028 2.5+/- 0.42 0.005 8.68+/- 0.9 0.003
Mean within reported range? yes na yes yes yes yes yes yes yes yes yes yes
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USGS Standard T-145
Sample Na Ni P Pb S Sr Ti V Zn
PQL 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
USGS T-145 42.45 <0.015 <0.07 <0.06 11.11 0.215 <0.005 0.015 0.011
USGS T-145 41.96 <0.015 <0.07 <0.06 11.15 0.215 <0.005 0.015 0.012
USGS T-145 43.25 <0.015 <0.07 <0.06 11.01 0.208 <0.005 0.018 0.013
USGS T-145 41.94 <0.015 <0.07 <0.06 10.84 0.206 <0.005 0.018 0.012
USGS T-145 42.02 <0.015 <0.07 <0.06 11.10 0.210 <0.005 0.017 0.012
USGS T-145 41.39 <0.015 <0.07 <0.06 11.09 0.208 <0.005 0.017 0.012
USGS T-145 41.49 <0.015 <0.07 <0.06 10.75 0.201 <0.005 0.018 0.013
USGS T-145 41.72 <0.015 <0.07 <0.06 10.93 0.206 <0.005 0.017 0.011
USGS T-145 41.57 <0.015 <0.07 <0.06 11.03 0.208 <0.005 0.017 0.013
USGS T-145 41.70 <0.015 <0.07 <0.06 10.97 0.207 <0.005 0.017 0.011
USGS T-145 41.28 <0.015 <0.07 <0.06 11.10 0.209 <0.005 0.017 0.012
USGS T-145 38.93 <0.015 <0.07 <0.06 10.76 0.193 <0.005 0.012 0.010
USGS T-145 40.10 <0.015 <0.07 <0.06 10.75 0.194 <0.005 0.013 0.010
USGS T-145 39.85 <0.015 <0.07 <0.06 10.69 0.194 <0.005 0.013 0.010
USGS T-145 42.87 <0.015 <0.07 <0.06 10.51 0.189 <0.005 0.011 0.009
USGS T-145 42.69 0.02 <0.07 <0.06 10.53 0.189 <0.005 0.011 0.010
USGS T-145 42.94 0.02 <0.07 <0.06 10.56 0.186 <0.005 0.012 0.010
USGS T-145 43.37 <0.015 <0.07 <0.06 10.56 0.189 <0.005 0.011 0.010
USGS T-145 45.32 <0.015 <0.07 <0.06 10.33 0.185 <0.005 0.011 0.009
Mean 41.94 <pql <pql <pql 10.83 0.201 <pql 0.0147 0.011
Standard Deviaton 1.41 0.25 0.010 0.003 0.001
USGS reported value 0.011+/- not 0.0127+/- not 0.203+/- not 0.0117+/- 0.01+/-
(range) 41.2+/-3.8 0.0026 reported 0.0024 reported 0.018 reported 0.0034 0.0048
Mean within reported range? yes na na na na yes na yes yes
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Sample AI As Ba Ca Cd Co Cr Cu Fe K Li Mg
PQL 0.035 0.065 0.009 0.01 0.005 0.01 0.005 0.005 0.015 0.5 0.005 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Composite #1 1.96 2.11 0.20 1.96 0.39 0.42 0.93 0.40 2.02 3.59 1.00 1.89
Composite #1 2.09 2.18 0.20 1.87 0.39 0.41 0.92 0.45 1.98 4.37 1.27 2.05
Composite #1 2.06 2.19 0.20 1.90 0.39 0.42 0.94 0.45 1.98 4.38 1.27 2.06
Composite #1 1.87 2.06 0.21 2.06 0.39 0.42 0.94 0.38 2.00 3.61 0.96 1.83
Composite #1 2.04 2.18 0.21 2.00 0.40 0.42 0.95 0.43 2.04 4.08 1.19 2.02
Composite #1 1.88 2.10 0.21 1.93 0.40 0.39 0.99 0.38 2.04 3.81 0.92 1.94
Composite #1 1.99 2.06 0.21 2.02 0.42 0.41 1.03 0.39 2.04 3.72 0.92 2.00
Composite #1 1.95 2.03 0.21 2.05 0.43 0.40 1.01 0.38 2.00 3.79 0.94 1.98
Composite #1 1.91 2.02 0.20 1.96 0.41 0.40 0.99 0.38 1.98 3.74 0.91 1.94
Composite #1 1.94 2.02 0.21 2.00 0.42 0.39 1.00 0.38 1.99 3.85 0.95 1.98
Mean 1.97 2.09 0.20 1.98 0.40 0.41 0.97 0.40 2.01 3.89 1.03 1.97
Standard Deviation 0.08 0.07 0.00 0.06 0.02 0.01 0.04 0.03 0.03 0.29 0.15 0.07
Actual Concentration 2.00 2.00 0.20 2.00 0.40 0.40 1.00 0.40 2.00 4.00 1.00 2.00
% Difference 1.59 4.73 2.23 1.21 1.07 1.93 3.07 0.62 0.33 2.65 3.30 1.58
Composite #2 3.91 4.30 0.42 4.06 0.80 0.89 2.01 0.83 4.21 8.18 2.09 3.84
Composite #2 3.88 4.37 0.43 3.99 0.82 0.91 2.05 0.82 4.32 8.37 2.04 3.84
Composite #2 3.91 4.36 0.43 4.19 0.81 0.90 2.03 0.83 4.28 8.14 2.02 3.83
Composite #2 3.94 4.40 0.42 4.14 0.83 0.88 2.09 0.81 4.35 7.93 1.99 3.85
Composite #2 4.01 4.48 0.42 3.93 0.84 0.89 2.10 0.82 4.45 7.81 1.99 3.89
Mean 3.929 4.380 0.425 4.063 0.821 0.895 2.055 0.821 4.320 8.087 2.026 3.850
Standard Deviation 0.052 0.064 0.006 0.107 0.014 0.013 0.038 0.007 0.088 0.220 0.043 0.025
Actual Concentration 4.00 4.00 0.40 4.00 0.80 0.80 2.00 0.80 4.00 8.00 2.00 4.00
% Difference 1.77 9.49 6.15 1.57 2.65 11.91 2.74 2.64 8.01 1.09 1.31 3.76
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Sample Mn Na Ni P Pb S Sr Ti V Zn
PQL 0.005 0.25 0.015 0.07 0.06 0.07 0.005 0.005 0.01 0.005
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Composite #1 0.38 1.74 0.41 2.16 2.01 1.95 0.18 0.98 0.43 0.96
Composite #1 0.38 2.13 0.40 2.25 2.01 2.07 0.19 1.01 0.44 0.97
Composite #1 0.38 2.16 0.40 2.28 2.01 2.08 0.20 1.02 0.45 0.98
Composite #1 0.38 1.81 0.40 2.08 2.01 1.89 0.17 0.97 0.42 0.95
Composite #1 0.39 2.01 0.41 2.22 2.05 2.05 0.19 1.02 0.45 0.99
Composite #1 0.39 1.82 0.41 2.11 2.02 2.12 0.21 0.99 0.38 0.98
Composite #1 0.40 1.90 0.42 2.13 2.04 2.05 0.21 1.03 0.39 1.01
Composite #1 0.39 1.96 0.41 2.14 2.00 2.04 0.21 1.01 0.38 0.99
Composite #1 0.39 1.88 0.41 2.10 2.00 2.03 0.21 0.99 0.38 0.98
Composite #1 0.39 1.92 0.41 2.11 1.97 2.05 0.21 1.01 0.38 0.98
Mean 0.39 1.93 0.41 2.16 2.01 2.03 0.20 1.00 0.41 0.98
Standard Deviation 0.01 0.14 0.00 0.07 0.02 0.07 0.02 0.02 0.03 0.01
Actual Concentration 0.40 2.00 0.40 2.00 2.00 2.00 0.20 1.00 0.40 1.00
% Difference 3.10 3.38 2.02 7.85 0.67 1.64 0.46 0.35 2.77 1.87
Composite #2 0.81 3.94 0.82 4.52 4.08 21.18 0.39 1.02 0.91 2.07
Composite #2 0.82 3.93 0.84 4.58 4.18 21.44 0.39 1.03 0.92 2.12
Composite #2 0.82 3.81 0.84 4.56 4.14 21.33 0.39 1.03 0.92 2.10
Composite #2 0.83 4.09 0.84 4.57 4.10 21.09 0.38 1.05 0.89 2.05
Composite #2 0.85 4.12 0.85 4.62 4.16 21.30 0.39 1.06 0.89 2.07
Mean 0.824 3.976 0.839 4.568 4.132 21.268 0.388 1.037 0.906 2.083
Standard Deviation 0.014 0.125 0.011 0.034 0.039 0.136 0.004 0.017 0.016 0.025
Actual Concentration 0.80 4.00 0.80 4.00 4.00 4.00 0.40 1.00 0.80 2.00
% Difference 3.02 0.60 4.90 14.19 3.29 431.70 2.93 3.74 13.23 4.13
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QA/QC Results for Hydride Generation Atomic Adsoption Spectrometry Analysis 
(Blackfoot Samples Only)
Spikes (uq/h raw conc. ua/L raw conc. ua/L raw conc. ua/L
BF-3 5/20 1.38 BF-4 6/4 1.28 BF-2 5/20 1.72
BF-3 5/20 spike 2.23 BF-4 6/4 spike 2.15 BF-2 5/20 spike 2.61
% recovery 99 % recovery 100 % recovery 107
Duplicates raw conc. uq/L raw conc. ua/L raw conc. ua/L
BF-2 4/23 1.55 BF-4 5/12 1.76 BF-2 5/12 1.74
BF-2 4/23 dup 1.53 BF-4 5/12 dup 1.82 BF-2 5/12 dup 1.71
% difference 1.65 % difference 3.23 % difference 2.15
External Standards Reported Mean Result Percent Difference
USGS T-143 15.2 15.0 1.32
USGST-113 23.8 23.7 0.66
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Standard Sediments^
STSD-1 (mg/Kg) Dil. Factor AI As Ba Ca Cd Co Cr Cu Fe K Li
STSD-1 260.3 8228 20.8 274 15652 1.7 11.1 21.6 33.5 28789 505 5.8
STSD-1 261.79 9872 24.9 276 15867 2.0 12.0 24.9 34.5 31074 610 7.6
STSD-1 100.1 7918 21.4 244 14344 1.8 10.3 19.4 30.0 25626 472 5.7
STSD-1 250.35 8209 22.8 264 15654 1.8 10.9 21.7 30.0 29516 489 5.7
STSD-1 250.85 8173 20.3 272 16135 1.8 11.0 21.3 30.0 29600 479 5.3
Mean 8480 22.1 266.1 15530.5 1.8 11.1 21.8 31.6 28921 511 6.0
Standard deviation 788 1.8 13.0 692.0 0.1 0,6 2.0 2.2 2021 57 0.9
95% C.l. 691 2 11 607 0.1 1 2 2 1771 50 1
% RSD 9 8 5 4 5 5 9 7 7 11 15
Reported Standard not not not 35000 not not
Concentration (range)* reported 23 (4)* reported reported 0.8 (0.4) 14(2) 28(6) 36 (4) (4000) reported reported
STSD-2 (mg/Kg) dil.factor AI As Ba Ca Cd Co Cr Cu Fe K Li
STSD-2 99.46 22170 42.1 87 9470 1.9 13.2 41.8 32.3 32245 1547 36.7
STSD-2 99.48 21627 42.1 87 9464 1.9 13.3 42.1 31.8 32799 1528 36.0
STSD-2 99.54 23034 42.6 88 9646 2.1 13.4 43.4 32.4 32788 1565 37.1
STSD-2 99.8 22016 42.0 88 9451 1.8 13.6 44.7 33.3 32056 1558 36.1
STSD-2 99.78 24576 41.4 91 9843 2.1 13.9 47.1 34.2 32868 1664 39.7
Mean 22684 42.0 88 9575 1.9 13.5 43.8 32.8 32551 1572 37.1
Standard Deviation 1176 0.4 1 170 0.1 0.3 2.1 0.9 373 53 1.5
95% C.l. 1031 0.4 1 149 0.1 0 2 1 327 47 1
% RSD 5 1 2 2 6 2 5 3 1 3 4
Reported Standard not not not 41000 not not
Concentration (range)* reported 42 (6)" reported reported 0.8 (0.6) 17(1) 50 (18) 43 (6) (8000) reported reported
1 - Sediment standards were prepared and blended by the Canada Centre for Mineral and Energy Technology (1990)
2 - Reported range was calculated as two standard deviations in either side of the mean value.
3 - Total digest values.
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Standard Sediments^
STSD-1 (mg/Kg) Mg Mn Na Ni P Pb S Sr Ti V Zn
STSD-1 5719 3577 156 16 1609 37 2146 28 316 35 167
STSD-1 6888 3607 190 18 1693 33 2261 29 407 42 173
STSD-1 5283 3052 115 15 1707 32 2332 25 314 32 148
STSD-1 5808 3342 115 16 1770 36 2293 25 400 35 152
STSD-1 5707 3502 111 16 1824 36 2411 26 394 35 154
Mean 5881 3416 138 16 1720 36 2289 27 366 36 159
Standard deviation 598 228 35 1 81 2 97 2 47 3 11
95% C.l. 525 200 30 1 71 2 85 1 41 3 9
% RSD 10 7 25 8 5 6 4 6 13 10 7
Reported Standard not not not 18000 not not
Concentration (range)^ reported 3740 (860) reported 18(6) reported 34(8) (1000)* reported reported 47(22) 165 (16)
STSD-2 (mg/Kg) Mg Mn Na Ni P Pb S Sr Ti V Zn
STSD-2 9883 595 317 40 1451 69 505 126 920 40 193
STSD-2 9791 604 306 40 1473 73 515 123 900 40 195
STSD-2 10103 592 336 41 1447 69 489 126 953 41 197
STSD-2 9894 613 462 40 1488 74 653 124 884 41 199
STSD-2 10537 609 535 42 1477 70 729 132 953 44 203
Mean 10042 603 391 41 1467 71 578 126 922 41 197
Standard Deviation 299 9 102 1 17 2 107 3 31 2 4
95% C.l. 262 8 89 1 15 2 94 3 27 1 4
% RSD 3 1 26 2 1 3 18 3 3 4 2
Reported Standard not not not not not
Concentration (range)* reported 720 (240) reported 47 (8) reported 66 (14) 600 (200)* reported reported 58 (28) 216(30)
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Standard Sediments^
STSD-3 (mg/Kg) dil.factor AI As Ba Ca Cd Co Cr Cu Fe K Li
STSD-3 254.09 10936 28.4 396 11584 1.0 13.2 21.5 36.7 28534 912 15.0
STSD-3 191.3 13293 27.0 538 11694 1.5 13.9 25.3 37.9 28140 1087 18.7
STSD-3 174.19 12165 26.7 461 11366 1.5 13.3 23.1 38.9 26616 1031 17.8
STSD-3 260.18 10082 26.1 338 10444 1.1 12.4 20.3 37.2 26773 861 14.4
STSD-3 298.74 11579 27.7 482 11134 0.9 13.7 22.4 35.3 29417 938 15.8
STSD-3 174.19 10603 28.8 465 11277 1.8 11.2 25.0 32.3 27679 899 13.6
STSD-3 191.3 11903 28.0 533 11384 2.0 11.6 26.7 33.0 28676 998 15.6
STSD-3 197.04 12510 28.6 553 11639 2.0 11.9 27.4 34.9 29379 1037 16.3
STSD-3 260.18 6922 28.6 345 11188 1.8 10.8 22.4 32.1 26642 751 11.1
STSD-3 254.09 10141 29.5 404 11589 1.8 11.3 24.4 33.4 28306 855 13.1
STSD-3 268.66 10051 29.0 424 11821 1.6 17.3 23.3 34.2 31111 914 12.3
STSD-3 299.52 10657 28.7 504 10953 1.4 14.6 23.3 33.8 31539 982 13.7
STSD-3 99.6 10896 27.0 447 11454 1.8 10.6 23.1 30.4 25000 754 12.8
STSD-3 99.74 11171 27.7 422 11490 1.9 10.8 23.5 30.7 25743 755 13.0
STSD-3 99.6 11115 27.6 379 11484 1.9 11.1 23.9 30.5 25936 754 12.9
STSD-3 99.92 10821 27.1 435 10841 1.9 10.5 23.3 30.4 25689 859 13.6
STSD-3 99.92 11011 26.9 457 11031 1.8 10.6 24.2 30.9 26369 858 13.7
STSD-3 100.02 10782 27.7 457 11232 1.8 10.9 24.2 30.5 26605 842 13.3
STSD-3 266.04 9423 27.4 530 11528 1.5 12.9 23.1 30.1 27695 747 11.0
STSD-3 264.09 11776 28.3 585 12003 1.8 11.3 25.9 30.4 29763 913 13.7
STSD-3 260.69 9958 26.3 421 11048 1.9 11.2 22.2 31.1 26460 850 12.4
STSD-3 254.76 13217 28.3 574 11946 2.2 19.7 27.8 33.7 29985 1105 16.7
STSD-3 270.02 10191 27.3 431 11371 2.2 12.7 23.2 31.4 27461 886 12.9
STSD-3 253.24 9950 28.1 408 11307 1.8 10.8 22.3 32.3 26666 871 12.7
Mean 10965 27.8 458 11367 1.7 12.4 23.8 33.0 27758 894 14.0
Standard deviation 1105 0.9 68 356 0.3 2.3 1.8 2.6 1755 105 2.0
95% C.l. 433 0.3 27 140 0.1 1 1 1 688 41 1
% RSD 10 3 15 3 19 18 8 8 6 12 14
Reported Standard not not not 34000 not not
Concentration (range)* reported 28(4)' reported reported 1.0 (0.4) 14(2) 34(12) 38(4) (2000) reported reported
1 - Sediment standards were prepared and blended by the Canada Centre for Mineral and Energy Technology (1990)
2 - Reported range was calculated as two standard deviations in either side of the mean value.
3 - Total digest values.
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Standard Sediments^
STSD-3 (mg/Kg) Mg Mn Na Ni P Pb S Sr Ti V Zn
STSD-3 5422 2388 151 24 1655 38 1490 51 381 39 171
STSD-3 6552 2259 221 25 1627 37 1582 56 372 45 172
STSD-3 6020 2247 184 24 1596 38 1518 55 360 41 169
STSD-3 4902 2323 118 22 1599 40 1405 48 358 35 162
STSD-3 5784 2357 168 25 1728 42 1529 52 429 40 169
STSD-3 5842 2317 171 22 1380 36 1535 57 357 35 185
STSD-3 6514 2330 214 24 1409 38 1619 59 373 39 189
STSD-3 6808 2384 229 24 1455 38 1651 62 388 41 194
STSD-3 4845 2391 131 20 1372 39 1410 50 370 32 180
STSD-3 5613 2452 154 22 1482 40 1557 56 397 35 190
STSD-3 5059 2356 145 23 1760 40 1512 52 425 40 175
STSD-3 5505 2311 162 24 1803 36 1576 53 426 40 176
STSD-3 5481 2112 180 22 1738 46 1723 60 419 31 172
STSD-3 5624 2086 178 22 1739 44 1666 60 423 32 173
STSD-3 5609 2089 174 23 1746 45 1658 59 422 33 174
STSD-3 5516 2094 165 21 1645 instr. error 1693 53 409 34 173
STSD-3 5643 2119 168 21 1666 Instr. error 1740 53 415 35 176
STSD-3 5533 2146 162 22 1684 instr. error 1736 53 412 34 177
STSD-3 4930 2319 126 20 1722 instr. error 1755 50 504 32 170
STSD-3 6277 2377 171 24 1727 instr. error 1746 55 554 38 175
STSD-3 5232 2301 135 20 1481 instr. error 1449 51 429 32 164
STSD-3 6876 2398 226 25 1641 instr. error 1697 60 521 41 182
STSD-3 5406 2360 141 21 1533 instr. error 1522 53 438 33 169
STSD-3 5214 2361 137 21 1510 instr. error 1486 52 430 32 166
Mean 5675 2287 167 23 1612 40 1594 55 417 36 175
Standard deviation 575 115 31 2 130 3 111 4 50 4 8
95% C.l. 225 45 12 1 51 1 43 2 20 2 3
% RSD 10 5 19 7 8 8 7 7 12 11 5
Reported Standard not not not 1400 not not
Concentration (range)* reported 2630 (280) reported 25 (3) reported 39 (10) (800)" reported reported 61 (44) 192 (22)
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C um m ulative Results
Enrichm ent Factor and T-Tests
Results in mg/Kg unless otherwise noted
sus. sed. (mg/L) AI As Ba Ca Cd Co Cr
Turah Bridae
20-Mar 656 7386 74.6 240 15599 3.9 7.6 10.9
23-Apr 78.3 8160 61.1 324 13929 na 6.3 33.5
12-May 178 7669 62.5 262 9919 2.7 8.0 20.4
20-May 163 7256 58.0 250 7516 2.9 7.6 20.9
4-Jun 126 7409 63.8 268 7954 2.8 7.8 24.4
25-Jun 44.2 9503 102 300 12656 3.8 10.9 39.6
mean 208 7897 70.3 274 11262 3.2 8.0 24.9
standard devation 225 850 16.5 31.9 3306 0.6 1.5 10.2
95% C.l. (+/-) 180 680 13.2 25.5 2645 0.5 1.2 8.2
standard error (std dev/sqrt{N)) 92.0 347 6.7 13.0 1350 0.2 0.6 4.2
Blackfoot River
20-Mar 55.7 13002 16.2 544 15999 0.7 6.6 24.1
23-Apr 51.0 7786 9.8 420 19589 na 6.4 43.9
12-May 143 3935 8.6 274 19015 na 6.2 16.6
20-May 193 2468 6.1 178 12224 na 2.9 9.9
4-Jun 139 2863 9.6 270 21996 na 4.1 20.9
25-Jun 10.3 8313 16.2 493 23875 na 0.0 51.5
mean 98.6 6394 11.1 363 18783 0.7 4.4 27.8
standard devation 69.8 4080 4.2 144 4189 na 2.6 16.3
95% C.l. (+/-) 55.8 3264 3.4 115 3352 na 2.1 13.0
standard error (std dev/sqrt(N)) 28.5 1666 1.7 58.7 1710 na 1.1 6.6
T Test IB  vs BP 0.3 0.4 0.0 0.2 0.0 NA 0.0 0.7
T Test Results TB = BF TB = BF TB>BF TB = BF BF>TB TB> BF TB >B F TB = BF
Enrichment Factor NA NA 6.3 NA 1.7 NA 1.8 NA
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Cummulative Results
Enrichment Factor and T-Tests
Results in mg/Kg unless othen/vise notec
Cu Fe K Li Mg Mn Na Ni P
Turah Bridae
20-Mar 507 12431 1529 7.7 4819 1406 na 10.9 1167
23-Apr 356 9825 1604 7.2 4436 1476 na 11.7 1011
12-May 406 13951 1545 8.4 4713 1323 114 11.5 919
20-May 403 14033 1594 8.2 4793 1302 142 12.1 744
4-Jun 410 14547 1681 8.8 5025 1387 198 11.8 736
25-Jun 640 20902 1930 10.9 5685 1965 285 18.3 1095
mean 454 14281 1647 8.5 4912 1477 185 12.7 945
standard devation 104 3670 149 1.3 424 247 75.6 2.8 180
95% C.l. (+/-) 83.0 2937 119 1.0 339 198 60.5 2.2 144
standard error (std dev/sqrt(N)) 42.3 1498 60.7 0.5 173 101 30.9 1.1 73.3
Blackfoot River
20-Mar 41.3 16954 1384 10.5 4724 899 na 17.2 1200
23-Apr 27.6 14904 1176 11.0 5578 888 na 15.5 1007
12-May 27.3 9710 703 7.2 5853 590 79.7 7.0 623
20-May 15.2 6731 510 5.4 4420 330 55.8 4.6 324
4-Jun 26.8 9172 682 5.4 6682 519 123 6.1 500
25-Jun 41.0 20079 1641 17.8 9297 1127 271 17.8 1071
mean 29.9 12925 1016 9.5 6092 726 132 11.4 787
standard devation 9.9 5179 451 4.7 1767 295 96.6 6.1 353
95% C.l. (+/-) 7.9 4144 361 3.8 1414 236 77.3 4.9 283
standard error (std dev/sqrt(N)) 4.1 2114 184 1.9 721 120 39.4 2.5 144
T Test TB vs BF 0.0 0.6 0.0 0.6 0.1 0.0 0.4 0.6 0.4
T Test Results TB> BF TB = BF TB >B F TB = BF TB = BF TB>B F TB = BF TB = BF TB = BF
Enrichment Factor 15.2 NA 1.6 NA NA 2.0 NA NA NA
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C um m ulative Results
Enrichm ent Factor and T-Tests
Results In mg/Kg unless otherwise notec
Pb S Sr Ti V Zn
Turah Bridae
20-Mar 94.6 na 68.1 252 19.3 872
23-Apr 80.8 na 52.9 418 20.9 630
12-May 75.2 906 44.7 413 20.7 670
20-May 65.7 671 36.5 414 21.2 741
4-Jun 70.8 724 40.9 432 22.2 771
25-Jun 109 1184 52.4 574 27.1 1004
mean 82.7 871 49.2 417 21.9 781
standard devation 16.2 231 11.2 102 2.7 138
95% CJ. (+/-) 13.0 185 9.0 81.6 2.2 110
standard error (std dev/sqrt(N)) 6.6 94.4 4.6 41.6 1.1 56.2
Blackfoot River
20-Mar 37.4 na 38.6 500 17.0 130
23-Apr na na 31.3 294 16.1 na
12-May na 445 24.8 142 11.7 53.5
20-May na 186 13.7 80.7 8.0 28.2
4-Jun na 292 22.1 100 10.9 45.2
25-Jun na 836 32.7 279 19.1 75.3
mean 37.4 440 27.2 233 13.8 66.5
standard devation na 285 8.8 159 4.2 39.6
95% C.l. (+/-) na 228 7.1 127 3.4 31.6
standard error (std dev/sqrt(N)) na 116 3.6 64.8 1.7 16.1
T Test TB vs BF NA 0.1 0.0 0.0 0.0 0.0
T Test Results TB >B F TB = BF TB>BF TB>BF TB>BF TB>BF
Enrichment Factor NA NA 1.8 1.8 1.6 11.7
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Cummulative Results
Enrichment Factor and T-Tests
Results in mg/Kg unless otherwise noted
sus. sed. (mg/L) AI As Ba Ca Cd Co Cr
Deer Creek Bridqe
20-Mar 115 9552 73.5 341 16584 3.4 7.7 17.5
23-Apr 35.4 12423 45.1 495 18742 na 8.6 36.3
12-May 179 4516 29.8 261 15178 1.5 7.0 15.8
20-May 227 5692 29.1 272 14140 1.5 6.0 15.1
4-Jun 104 5244 39.3 295 16670 1.8 6.1 22.0
25-Jun 24.6 9568 80.0 382 15230 2.9 9.9 46.5
mean 114 7832 49.5 341 16091 2.2 7.5 25.5
standard devation 79.2 3141 22.1 88.0 1612 0.9 1.5 12.9
95% C.l. (+/-) 63.4 2513 17.6 70.4 1290 0.7 1.2 10.3
standard error (std dev/sqrt(N)) 32.3 1282 9.0 35.9 658 0.4 0.6 5.3
UM Footbridge
20-Mar 108 9022 74.5 347 16681 3.2 7.7 18.0
23-Apr 42.7 11483 47.8 459 18819 na 8.1 34.6
12-May 166 5475 27.1 253 13500 1.4 5.5 15.2
20-May 245 5587 25.3 243 12417 1.3 5.6 14.1
4-Jun 123 5998 35.2 287 14686 1.7 6.2 22.7
25-Jun 22.9 10203 85.0 417 16835 2.9 9.9 54.9
mean 118 7961 49.1 334 15490 2.1 7.2 26.6
standard devation 81.7 2617 25.2 89.2 2382 0.9 1.7 15.7
95% C.l. (+/-) 65.4 2094 20.2 71.3 1906 0.7 1.4 12.6
standard error (std dev/sqrt{N)) 33.4 1068 10.3 36.4 972 0.4 0.7 6.4
T Test DCB vs FB 0.937 0.940 0.982 0.896 0.620 0.853 0.702 0.902
Values Different? no no no no no no no no
% difference 3.3 1.6 0.6 2.0 3.8 5.0 5.0 4.0
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Cum m ulative Results
Enrichm ent Factor and T-Tests
Results in mg/Kg unless otherwise notec
Cu Fe K Li Mg Mn Na Ni P
Deer Creek Bridqe
20-Mar 429 15168 1868 9.5 5819 1599 na 12.5 1416
23-Apr 207 15960 1945 13.5 6150 1220 na 17.7 1238
12-May 203 10156 872 5.9 4782 854 77.4 8.1 700
20-May 182 12545 1112 10.5 6646 764 106 9.9 595
4-Jun 230 12155 1145 8.3 6516 1015 156 9.4 615
25-Jun 519 20952 1935 13.3 6788 1655 295 16.5 1131
mean 295 14489 1480 10.2 6117 1184 159 12.3 949
standard devation 142 3805 488 2.9 743 377 96.4 4.0 356
95% C.l. {+/-) 114 3045 390 2.3 595 301 77.1 3.2 285
standard error (std dev/sqrt(N)) 58.1 1554 199 1.2 303 154 39.3 1.6 145
UM Footbridge
20-Mar 427 15155 1753 8.5 5591 1629 na 12.2 1456
23-Apr 205 15013 1896 13.0 6073 1146 na 17.6 1172
12-May 180 10813 1025 8.5 5124 767 87.7 8.3 649
20-May 156 12269 1042 10.9 6247 659 96.6 9.1 560
4-Jun 216 12858 1255 10.6 6749 915 152 10.2 593
25-Jun 567 22173 2010 14.0 7240 1869 330 18.9 1204
mean 292 14714 1497 10.9 6170 1164 167 12.7 939
standard devation 166 4014 442 2.3 765 487 113 4.5 385
95% C.l. (+/-) 133 3212 354 1.8 612 390 90.1 3.6 308
standard error (std dev/sqrt(N)) 67.8 1639 180 0.9 312 199 45.9 1.8 157
T Test DCB vs FB 0.973 0.923 0.950 0.637 0.904 0.937 0.920 0.878 0.964
Values Different? no no no no no no no no no
% difference 1.1 1.5 1.2 7.0 0.9 1.7 4.8 3.1 1.0
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C um m ulative Results
Enrichm ent Factor and T-Tests
Results in mg/Kg unless otherwise notec
Pb S Sr Ti V Zn
Deer Creek Bridqe
20-Mar 97.0 na 75.8 404 22.3 794
23-Apr 45.9 na 47.8 459 22.4 378
12-May 38.3 670 29.3 218 13.8 367
20-May 34.5 535 27.0 237 16.4 378
4-Jun 43.5 601 29.8 257 15.8 463
25-Jun 86.2 1242 44.8 488 26.3 787
mean 57.5 762 42.4 344 19.5 528
standard devation 26.9 325 18.5 120 4.9 206
95% C.l. {+/-) 21.5 260 14.8 96.2 3.9 165
standard error (std dev/sqrt(N)) 11.0 133 7.6 49.1 2.0 84.3
20-Mar 96.6 na 72.8 411 21.4 812
23-Apr 49.0 na 46.2 439 22.3 372
12-May 33.5 621 28.6 248 14.7 338
20-May 31.0 489 24.2 212 16.2 344
4-Jun 44.2 554 29.3 278 17.1 458
25-Jun 90.6 1370 49.9 519 26.3 866
mean 57.5 758 41.8 351 19.7 532
standard devation 28.8 411 18.4 122 4.4 243
95% C.l. (+/-) 23.1 329 14.7 97.7 3.5 194
standard error (std dev/sqrt(N)) 11.8 168 7.5 49.9 1.8 99.0
T Test DCB vs FB 0.996 0.990 0.959 0.919 0.954 0.977
Values Different? no no no no no no
% difference 0.2 0.5 1.3 2.1 0.8 0.7
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Results in mg/Kg unless otherwise noted
3/20/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turati Bridge
Mean 656 7386 74.6 240 15599 3.9 7.6 10.9 507 12431 1529 7.7
Standard mean emor 9.0 961 1.8 6.9 79.5 0.1 0.3 1.3 9.1 1333 233 1.1
% Emor (std mean error/mean) 1.4 13.0 2.4 2.9 0.5 2.2 4.5 11.8 1.8 10.7 15.2 14.4
Load g/s {discharge=2740cfs) 50917 376 3 8 12.2 794 0.2 0.4 0.6 25.8 633 77.9 0.4
Total % error (sed+chem+discti.) 10.1 16.5 10.4 10.5 10.1 10.3 11.1 15.5 10.3 14.7 18.3 17.6
Site load error (g/s) 5140 61,9 0 4 1.3 80.3 0.02 0.04 0.1 2.6 93.2 14.2 0.1
Blackfoot River
Mean 55.7 13002 16.2 544 15999 0.7 6 6 24.1 41.3 16954 1384 10.5
Standard mean error 0.7 1911 0.7 3.4 779 0.1 0.3 0.9 3.4 1536 188 1.8
% Error (std mean error/mean) 1,2 14.7 4.2 0.6 4.9 20.6 4.8 3.7 8 2 9.1 13.6 17.4
Load g/s (discharge=1l80cfs) 1860 24.2 0.0 1.0 29.8 0.0 0.0 0.0 0.1 31.5 2.6 0.0
Total Load% error (sed+ctiem+disch.) 10.1 17.8 10.9 10.1 11.2 22.9 11.2 10.7 13.0 13.5 16.9 20.1
Site load error (g/s) 187 4.3 0.003 0.1 3.3 0.0003 0.001 0.005 0.010 4.3 0.4 0.0
Mean load into Milltown 52777 400 3.8 13.2 824 0.2 0.4 0.6 25.9 664 80.4 0.4
Load error Into Milltown (TB+BF) (g/s) 5143 62.1 0.4 1.3 80.3 0.0 0.0 0.1 2.6 93.3 14.2 0.1
Load % error into Milltown 9.7 15.5 10.3 9,7 9.8 10.3 10.7 14.4 10.2 14.0 17.7 16.8
Deer Creek Bridge
Mean 115 9552 73.5 341 16584 3.4 7.7 17.5 429 15168 1868 9.5
Standard mean enor 1.5 638 2.0 2.2 254 0.1 0.2 1.0 5.0 481 129 1.0
% Error ("std mean error/mean) 1.3 6,7 2.8 0.6 1.5 3.6 2.2 5.6 1.2 3.2 6.9 10.8
Load g/s (disctiarge=3950cfs) 12832 123 0.9 4.4 213 0.0 0.1 0.2 5.5 195 24.0 0.1
Total Load% error (sed+ctiem+discti.) 10 1 12.1 10.5 10.1 10.2 10.7 10.3 11.5 10.1 10.6 12.2 14.8
Site load error (g/s) 1294 14.8 0.1 0.4 21.7 0.005 0.010 0.026 0.6 20.6 2.9 0.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 39945 278 2.9 8.8 611 0.2 0.3 0.4 20.4 470 56.5 0.3
Mass Balance error (g/s) 5303 63.8 0.4 1.4 832 0.0 0.0 0.1 2.7 95.6 14.5 0.1
Mass Balance % emor 13.3 23.0 14.1 15.4 13.6 13.5 14.7 24.0 13.3 20.3 25.7 24.7
% Trapped 75.7 69.4 75.4 68.9 74.2 78.2 75.1 62.5 78.7 70.7 70.2 70.2
% Trapped error 12.5 19.2 13.1 12.2 12.4 13.2 13.7 17.5 13.2 17.5 21.9 21.0
% Trapped % error 16.5 27.7 17.4 18.2 16.7 16.9 18.2 28.0 16.8 24.7 31.2 29.9
Max % Trapped 88.2 88.6 88.5 79.1 86.6 91.5 88.8 80.0 91.9 88.2 92.1 91.2
Min % Trapped 63.2 50.1 62.2 54.7 61.8 65.0 61.4 45.0 65.5 53.2 48.3 49.2
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
3/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridge
Mean 4019 1406 <PQL 10.9 1167 94.6 <PQL 68.1 252 19.3 872
Standard mean error 492 14.2 na 1.0 9.4 1.9 na 1.3 33.3 2.1 11.1
% Error {std mean error/mean) 10.2 1.0 na 9.5 0.8 2.0 na 1.9 13.2 10,9 1.3
Load g/s (discharge=2740cfs) 245 71.6 na 0.6 59.4 4.8 na 3 5 12.8 1 0 44.4
Total % error (sed+chem+disch.) 14.4 10.1 na 13.9 10.1 10.3 na 10.3 16.6 14.8 10.2
Site load error (g/s) 35.2 7.3 na 0.1 6 0 0.5 na 0.4 2.1 0.1 4.5
Blackfoot River
Mean 4724 099 <PQL 17.2 1200 37.4 <PQL 38.6 500 17.0 130
Standard mean error 306 9.3 na 2.7 13.1 1.7 na 1.1 38.9 1.2 4.2
% Error {std mean error/mean) 0.2 1.0 na 15.6 1.1 4.5 na 2.8 7.8 7.1 3.2
Load g/s {discharge=1180cfs) 0.8 1.7 na 0.0 2.2 0.1 na 0.1 0.9 0.0 0.2
Total Load% error (sed+chem+disch.) 13.0 10.1 na 18.5 10.1 11.0 na 10.4 12.7 12.4 10.6
Site load error (g/s) 1.1 0.2 na 0.0 0.2 0.0 na 0.01 0.1 0 004 0.0
Mean load into Milltown 254 73.2 na 0.6 61.7 4.9 na 3.5 13.8 1.0 44.6
Load error into Milltown (TB+BF) (g/s) 35.2 7.3 na 0.1 6.0 0.5 na 0.4 2.1 0.1 4.5
Load % error into Milltown 13.9 9.9 na 13.2 9.8 10.1 na 10.1 15.5 14.4 10.1
Deer Creek Bridoe
Mean 5819 1599 <PQL 12.5 1416 97.0 <PQL 75.8 404 22.2 794
Standard mean error 247 21.1 na 0.4 22.8 1.2 na 0.8 16.6 0 9 8.9
% Error ("std mean error/mean) 4.3 1.3 na 3 2 1.6 1.3 na 1.1 4.1 3.9 1.1
Load g/s (discharge=3950cfs) 74.7 20.5 na 0.2 18.2 1.2 na 1.0 5.2 0.3 10.2
Total Load% error (sed+chem+disch.) 10.9 10.2 na 10.6 10.2 10.2 na 10.1 10.9 10.8 10.1
Site load error (g/s) 8.2 2.1 na 0.0 1.9 0.1 na 0.1 0.6 0.0 1.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 180 52.7 na 0.4 43.5 3.6 na 2.6 8.6 0.7 34.5
Mass Balance error (g/s) 36.2 7.6 na 0.1 6.3 0.5 na 0.4 2.2 0.1 4.6
Mass Balance % error 20.2 14.3 na 18.5 14.5 14.0 na 14.4 25.7 20.5 13.5
% Trapped 70.6 72.0 na 72.7 70.5 74.5 na 72.5 62.4 71.8 77.2
% Trapped error 17.3 12.5 na 16.5 12.3 12.9 na 12.7 18.7 18.0 13.0
% Trapped % error 24.5 17.4 na 22.7 17.5 17.3 na 17.6 30.1 25.0 16.8
Max % Trapped 87.9 84.5 na 89.3 82.9 87.4 na 85.3 81.1 89.8 90.2
Min % Trapped 53.3 59.4 na 56.2 58.2 61.6 na 59.8 43.6 53.9 64.2
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Mixing Calculations
3 /2 0 /97  Sample Event sus. sed. {mg/i) AI As Ba Ca Cd Co Cr Cu Fe K Li
% Clark Fork into reservoir 96.5 94.0 99.2 92.3 96,4 99.4 96.9 92.5 99.7 95.3 96.8 95.2
% error 14.0 22.6 14.6 14.3 14.0 14.6 15,4 21.2 14.5 20.3 25.4 24.3
error 13.5 21.3 14.5 13.2 13.5 14.5 14.9 19.6 14.4 19.4 24.6 23.2
% Blackfoot into reservoir 3.5 6.0 0.8 7.7 3.6 0,6 3.1 7.5 0.3 4.7 3.2 4.8
% Clark Fork out (mixing equation) na 61.4 98,1 66.7 na 84.2 na 50.1 83.3 39.5 na 34.7
% Blackfoot out (mixing equation) na 36.6 1.9 33.3 na 15.8 na 49.9 16.7 60.5 na 65.3
Concentrations Change
Results in mg/Kg unless othenwise noted
3 /2 0 /9 7  Sample Event sus. sed. (mg/i) Al As Ba Ca Cd Co Cr Cu Fe K Li
DCBweas 9552 73.5 341 16584 3.4 7.7 17.5 429 15168 1868 9.5
% error 6.7 2.8 0.6 1.5 3.6 2.2 5.6 1.2 3.2 6.9 10.8
actual error 638 2.0 2.2 254 0.1 0.2 1.0 5.0 481 129 1.0
OCBpREDicTED(TB+BF)(sus.sed.load x []) 7584 72.5 250 15614 3.8 7.5 11.4 491 12590 1524 7.8
CCBpREDicTED Giror 1176 7.5 24.4 1522 0.4 0 8 1.6 50.2 1768 270 1.3
OCBppEQicTED % error 15.5 10.3 9.7 9.8 10.3 10.7 14.4 10.2 14.0 17.7 16.8
Concentra tradon Change 1968 1.0 90.5 970 -0.4 0.2 6.1 -61.6 2578 344 1.8
Concentratration Change Error 1338 7.7 24,5 1543 0.4 0.8 1.9 50.4 1832 299 1.7
% Concentration Change 20.6 1.3 26.6 5.8 -11.6 2.4 35.1 -14.3 17.0 18.4 18.4
% Concentration Change Error 14,0 10.5 7.2 9.3 12.0 10.7 10.9 11.7 12.1 16.0 17.4
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Mixing Calculations
3/20/97 Sample Event Mg Mn Na NI P Pb S Sr TI V Zn
% Clark Fork into reservoir 96.5 97.7 na 94.6 96.4 98.6 na 98.0 93.3 96.9 99.5
% error 20.0 14.2 na 19.1 14.1 14.4 na 14.4 22.7 20.7 14.3
error 19.3 13.9 na 18.1 13.6 14.2 na 14.1 21.2 20.0 14.3
% Blackfoot into reservoir 3.5 2.3 na 5.4 3.6 1.4 na 2.0 6.7 3.1 0.5
% Clark Fork out (mixing equation) na 138 na 75.0 na 104 na na 38.6 na 69.5
% Blackfoot out (mixing equation) na -38.2 na 25.0 na -4.1 na na 61.4 na 10.5
Concentrations Change
Results in mg/Kg unless otherwise noted
3/20/97 Sample Event Mg Mn Na Ni P Pb Na Sr Ti V Zn
DCBmeas. 5819 1599 <PQL 12.5 1416 97.0 <PQL 75.8 404 22.2 794
% error 4.3 1.3 na 3.2 1.6 1.3 na 1.1 4.1 3.9 1.1
actual error 247 21.1 na 0.4 22.8 1.2 na 0.8 16,6 0.9 8.9
DCBpREDjcTED (TB+BF)(sus.sed.load x [ ]) 4816 1388 na 11.1 1168 92.6 na 67.0 261 19.2 846
DCBpREoicTED srror 668 138 na 1.5 114 9.4 na 6.6 40.5 2.8 85.6
DCBpREDicTEo % error 13.9 9.9 na 13.2 9.8 10.1 na 10.1 15.5 14.4 10.1
Concentratration Change 1003 211 na 1.3 247 4.4 na 8.8 143 3.0 -51.9
Concentratration Change Error 712 139 na 1.5 116 9.5 na 6.8 43.8 2.9 86.0
% Concentration Change 17.2 13.2 na 10.8 17.5 4.5 na 11.6 35.4 13.7 -6.5
% Concentration Change Error 12.2 8.7 na 12.2 8.2 9.8 na 9.0 10.8 13.0 10.8
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Mass Balance Calculations
Results in mg/Kg unless ottiemvise noted
4/23/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turah Bridge
Mean (mg/g) 78.3 8160 61.1 324 13929 <pql 6.3 33.5 356 9825 1604 7.2
Standard mean error 35.9 1460 14.7 74.1 3207 na 0.6 10.6 78.4 947 319 0.9
% Error (std mean error/mean) 45.8 17.9 24.0 22.9 23.0 na 12.7 31.7 22.0 9.6 19.9 12.0
Load g/s (discharge=3010cfs) 6679 54.5 0.4 2 2 9 30 na 0.0 0.2 2.4 65.6 10.7 0.0
Total % error (sed+chem+disch.) 46.9 50.2 52.7 52.2 52.2 na 48.6 56.6 51.8 47.9 50.9 48.4
Site load error (g/s) 3132 27.4 0.2 1.1 48.6 na 0.02 0.1 1.2 31.4 5.5 0.0
Blackfoot River
Mean (mg/g) 51.0 7786 9.8 420 19589 <pql 6.4 43.9 27.6 14904 1176 11.0
Standard mean error 3 6 380 0.5 25.9 1292 na 0.2 1.4 2.1 784 54.9 1.1
% Error (std mean error/mean) 7.0 4.9 4.9 6.2 6 6 na 2.7 3.3 7.7 5.3 4.7 9.8
Load g/s (discharge=5270cfs) 7614 59.3 0.1 3.2 149 na 0.0 0.3 0.2 113 9.0 0.1
Total % error (sed+ctiem+discti.) 12.2 13.1 13.1 13.7 13.9 na 12.5 12.6 14.4 13.3 13.1 15.6
Site load error (g/s) 929 7.8 0.010 0.4 20.7 na 0.01 0.04 0.03 15.1 1.2 0.0
Mean load into Milltown 14293 114 0.5 5.4 242 na 0.1 0.6 2.6 179 19.7 0.1
Load error into Milltown (TB+BF) (g/s) 3267 28.4 0.2 1.2 52.8 na 0.0 0.1 1.2 34.8 5.6 0.0
Load % error into Milltown 22.9 25.0 44.6 22.6 21.8 na 23.4 23.9 47.6 19.5 28.4 20.3
Deer Creek Bridge
Mean (mg/g) 35.4 12423 45.1 495 18742 <pgl 8.6 36.3 207 15960 1945 13.5
Standard mean error 1.6 229 0.9 6.2 161 na 0.1 2 5 4.2 301 42.5 0.3
% Error (std mean error/mean) 4.6 1.8 2.0 1.3 0.9 na 1.3 6.8 2.0 1.9 2.2 2.1
Load g/s (dtscharge=8430cfs) 8442 105 0.4 4.2 158 na 0.1 0.3 1.7 135 16.4 0.1
Total Load% error (sed+chem+disch.) 11,0 11.1 11.2 11.1 11.0 na 11,1 13.0 11.2 11.2 11.2 11.2
Site load error (g/s) 928 11.7 0.04 0.5 17.4 na 0.01 0.04 0.2 15.0 1.8 0.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 5851 8.9 0.1 1.2 84.0 na 0.0 0.3 0.8 44.4 3.2 0.0
Mass Balance error (g/s) 3396 30.8 0.2 13 55.6 na 0.0 0.1 1.2 380 5.9 0.0
Mass Balance % error 58.0 345 216 109 66.3 na 124 55.4 149 85.5 181 162
% Trapped 40.9 7.8 21.1 22.1 34.7 na 20.2 45.1 32.4 24.8 16.5 13.9
% Trapped error 25.5 27.1 46.4 24.7 24.2 na 25.5 27.2 50.6 21.7 30.2 22.7
% Trapped % error 62.4 346 220 112 69.7 na 126 60.4 156 87.7 183 163
Max % Trapped 665 34.9 67.5 46.7 58.9 na 45.7 72.3 8 30 46.5 46.8 36.5
Min % Trapped 15.4 -19.3 -25.3 -2.6 10,5 na -5.3 17.9 -18.2 3.0 -13.7 -8 8
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
4/23/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridge
Mean (mg/g) 4436 1476 173 11.7 1011 80.8 <pgl 52.9 418 20.9 630
Standard mean error 745 275 41.6 2.2 188 17.5 na 12.1 98.1 3 7 118
% Error (std mean error/mean) 16.8 18.7 24 0 19.1 18.6 21.6 na 22.8 23.4 17.5 18.8
Load g/s (discharge=3010cfs) 29.6 9.9 1.2 0.1 6.8 0.5 na 0.4 2.8 0.1 4.2
Total % error (sed+chem+disch.) 49.8 50.5 52.7 60.7 50.5 51.6 na 52.2 524 50.1 50.5
Site load error (g/s) 14.8 5.0 0.6 0.0 3.4 0.3 na 0.2 1.5 0.1 2.1
Blackfoot River
Mean (mg/g) 5578 888 <pgl 15.5 1007 <pgl <pgl 31.3 294 16.1 66.3
Standard mean error 173 64.1 na 0.7 50.5 na na 2.4 11.7 0.4 7.2
% Error (std mean error/mean) 3.1 7.2 na 4.7 5.0 na na 7.6 4.0 2.7 10.9
Load g/s (dlscharge=5270cfs) 42.5 6.8 na 0.1 7.7 na na 0.2 2 2 0.1 0.5
Total % emor (sed+chem+disch.) 12.6 14.2 na 13.1 13.2 na na 14.4 12.8 12.5 16.3
Site load error (g/s) 5.3 1.0 na 0.02 1.0 na na 0.03 0,3 0 0 0.1
Mean load into Milltown 72.1 16.6 na 0.2 14.4 0.5 na 0.6 5.0 0.3 4.7
Load error into Milltown (TB+BF) (g/s) 15.7 5.1 na 0.0 3.6 0.3 na 0.2 1.5 0.1 2.1
Load % error into Milltown 21.6 30.5 na 21.7 24.6 51.6 na 31.7 29.7 27.3 45.1
Deer Creek Bridge
Mean (mg/g) 6150 1220 224 17.7 1238 45.9 <pql 47.8 459 22.4 378
Standard mean error 89.0 20.7 1.9 0.5 12.2 1.5 na 0.3 5.7 0.7 7.6
% Error (std mean error/mean) 1.4 1.7 0.8 2.8 1.0 3.2 na 0.7 1.2 3.1 2.0
Load g/s (discharge=8430cfs) 51.9 10.3 1.9 0.1 10.5 0.4 na 0.4 3.9 0.2 3.2
Total Load% error (sed+chem+disch.) 11.1 11.1 11.0 11.4 11.0 11.5 na 11.0 11.1 11.4 11.2
Site load error (g/s) 5.8 1.1 0.2 0.0 1.2 0.04 na 0.04 0 4 0.02 0.4
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 20.2 6.3 na 0.0 4.0 0.2 na 0.2 1.2 0.1 1.5
Mass Balance error (g/s) 16.7 5.2 na 0.0 3.7 0.3 na 0.2 1.6 0.1 2.2
Mass Balance % error 82,6 82.2 na 98.8 94.1 185 na 102 134 103 141
% Trapped 28.0 38.0 na 23.6 27.5 28.3 na 31.8 23.1 27.6 32.4
% Trapped error 24.0 33.3 na 23.9 26.8 54.3 na 34.1 31.6 29.5 48.0
% Trapped % error 85.7 87.6 na 101 97.2 192 na 107 137 107 146
Max % Trapped 52.0 71.4 na 47.6 54.3 82.6 na 65.9 54.7 57.2 80.4
Min % Trapped 4.0 4.7 na -0.3 0.8 -26.0 na -2.3 -8.5 -1.9 -15.7
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Mixing Calculations
4 /2 3 /9 7  Sample Event sus. sed. (mg/i| AI As Ba Ca Cd Co Cr Cu Fe K LI
% Clark Fork into reservoir 46.7 47.9 84.5 40.3 38.4 na 4 6 2 40.1 91.9 36.6 54.5 36.6
% error 52.2 56,1 69.0 56.9 56.6 na 53.9 61.5 70.4 51.7 58.3 52.5
error 24.4 26.9 58.3 22.9 21.7 na 24.9 24.7 64.7 18.9 31.8 19.2
% Blackfoot into reservoir 53.3 52.1 15.5 59.7 61.6 na 53.0 59.9 8.1 63.4 45.5 63.4
% Clark Fork out (mixing equation) na nc 68.9 nc 15.0 na nc 73.1 54.7 nc nc nc
% Blackfoot out (mixing equation) na nc 31.1 nc 85.0 na nc 26.9 45.3 nc nc nc
Concentration Change
Results in mg/Kg unless ottierwise noted
4 /2 3 /9 7  Sample Event sus. sed. (mg/i) AI As Ba Ca Cd Co Cr Cu Fe K Li
DCBktEAS 12423 45.1 495 18742 na 6.6 36.3 207 15960 1945 135
% error 1.8 2.0 1.3 0.9 na 1.3 6.8 2.0 1.9 2.2 2.1
actual error 229 0.9 6.2 161 na 0.1 2.5 4.2 301 42.5 0.3
DCBpREoicTED (TB+BF)(sus.sed.load x | ]) 7960 33.7 375 16944 na 6.4 39.0 181 12531 1376 9.2
DCBpREoicTEO Grror 1990 15.0 84.6 3695 na 1.5 9.3 06.2 2438 390 1.9
DCBpREoicTED % error 25.0 44.6 22.6 21.8 na 23.4 23.9 47.6 19,5 28.4 20.3
Concentratration Cfiange 4462 11.3 120 1798 na 2.2 *2.7 26.1 3429 569 4.2
Concentratration Ctiange Error 2003 15.1 84.9 3699 na 1.5 9 7 86.3 2457 393 1.9
% Concentration Change 35.9 25.2 24.2 9.6 na 26.0 -7.5 12.6 21.5 29.3 31.4
% Concentration Change Error 16.1 33.4 17.2 19.7 na 17.4 26.6 41.7 15.4 20.2 14.1
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Mixing Calculations
4/23/97 Sample Event Mg Mn Na Ni P Pb S Sr TI V Zn
% Clark Fork into reservoir 41.1 59.3 na 39.9 4 6 8 na na 59.7 55.5 53.3 89.3
% error 54.4 59.0 na 55.1 56.2 na na 61.0 60.2 57.0 67.7
error 22.3 35.0 na 22,0 26.3 na na 36.4 33.4 30.4 60.5
% Blackfoot into reservoir 58.9 40.7 na 60.1 53.2 na na 40.3 44.5 46.7 10.7
% Clark Fork out (mixing equation) nc 56.4 na nc nc na na 76.5 nc nc 55.2
% Blackfoot out (mixing equation) nc 43.6 na nc nc na na 23.5 nc nc 44.8
Concentration Change
Results in mg/Kg unless otherwise noted
4/23/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
DCBheas. 6150 1220 na 17.7 1238 na na 47.8 459 22.4 378
% error 1.4 1.7 na 2.8 1.0 na na 0.7 1.2 3.1 2.0
actual error 89.0 20.7 na 0.5 12.2 na na 0.3 5.7 0.7 7.6
DCBpREDicreo (TB+BF)(sus.sed.load x [ ]) 5044 1163 na 13.7 1009 na na 41.4 352 18.3 330
DCBpREoicrED error 1098 355 na 3.0 249 na na 13.1 104 5.0 149
DCBpREQicTED % error 21.8 30.5 na 21.7 24.6 na na 31.7 29.7 27.3 45.1
Concentratration Change 1106 56.9 na 4.0 229 na na 6.4 107 4.1 47.9
Concentrab-ation Change Error 1102 355 na 3.0 249 na na 13.1 105 5.1 149
% Concentration Change 18.0 4.7 na 22.7 18.5 na na 13.4 23.2 18.4 12.7
% Concentration Change Error 17.9 29.1 na 17.0 20.1 na na 27.4 22.8 22.5 39.5
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turah Bridge
Mean 178 7669 62.5 262 9919 2.7 8.0 20.4 406 13951 1545 8.4
Standard mean error 22.4 802 4.4 19.8 451 0.2 0.5 1.9 27.1 1132 134 0.8
% Error (std mean error/mean) 12.6 10.5 7.0 7.6 4.5 8.3 6.6 9.3 6.7 8.1 8.7 9.2
Load g/s (discharge=5370cfs) 27033 207 1.7 7.1 268 0.1 0.2 0.6 11.0 377 41.8 0.2
Total % error (sed+chem+disch.) 16.1 19.2 17.5 17.8 16.7 18.1 17.4 18.6 17.4 18.0 18.3 18.5
Site load error (g/s) 4352 39.8 0.3 1.3 44.9 0.01 0.04 0.1 1.9 68.0 7.6 0.0
Blackfoot River
Nban 143 3935 8.6 274 19015 <pql 6.2 16.6 27.3 9710 703 7.2
Standard mean error 154 493 0.3 18.5 1080 na 0.6 1.6 1.3 763 67.3 1.4
% Error (std mean error/mean) 10.8 12.5 3.5 6.8 5.7 na 10.3 9.7 4.9 7.9 9.6 19.3
Load g/s (discharge=9390cfs) 38139 150 0.3 10.4 725 na 0.2 0.6 1.0 370 26.8 0.3
Total % error (sed+chem+disch.) 14.7 19.3 15.1 16.2 15.8 na 18.0 17.6 15.5 16.7 17.5 24.2
Site load error (g/s) 5606 29.0 0.05 1.7 114 na 0.04 0.1 0.2 61.7 4.7 0.1
Mean load into Milltown 65171 357 2.0 17.5 993 0.1 0.5 1.2 12.0 747 68.6 0.5
Load error into Milltown (TB+BF) (g/s) 7097 49.2 0.3 2.1 123 0.0 0.1 0.2 1.9 91.8 9.0 0.1
Load % error into Milltown 10.9 13.6 14.9 12.0 12.4 18.1 12.5 12.8 16.0 12.3 13.1 15.7
Deer Creek Bridge
Mean 179 4516 29.8 261 15178 1.5 7.0 15.8 203 10156 872 5.9
Standard mean enor 16.5 565 1.9 19.3 876 0.1 1.1 1.9 11.4 933 106 1.0
% Enor (std mean enor/mean) 9.2 12.5 6.3 7.4 5.8 5.0 16.0 11.9 5.6 9.2 12.1 17.2
Load g/s (discharge=l4900cfs) 75608 341 2.3 19.7 1148 0.1 0.5 1.2 15.3 768 65.9 0.4
Total Load% enor (sed+chem+disch.) 13.6 18.5 15.0 15.5 14.8 14.5 21.0 18.1 14.7 16.4 18.2 22.0
Site load enor (g/s) 10294 63.1 0.3 3.1 170 0.02 0.1 0.2 2.3 126 12.0 0.1
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -10436.9 15.9 -0.2 -2.2 -154.2 0.0 -0.1 0.0 -3.3 -20.4 2.7 0.1
Mass Balance enor (g/s) 12503 80.1 0.5 3.7 209 0.0 0.1 0.3 3.0 156 15.0 0.1
Mass Balance % error 120 502 191 170 136 535 162 2682 89.1 764 565 238
% Trapped -16.0 4.5 -11.8 -12.5 -15.5 -53.7 -17.1 •0.8 •27.7 •2.7 3.9 10.6
% Trapped enor 19.3 22.4 22.5 21.2 21.2 30.3 27.7 22.3 25.1 20 9 21.9 25.2
% Trapped % error 120 503 192 170 136 56.5 162 2682 90.5 764 565 239
Max % Trapped 3.2 26.9 10.8 8.8 5.6 -23.4 10.6 21.5 -2.6 18.1 25.8 35.8
Min % Trapped -35.3 -10.0 -34.3 -33.7 -36.7 -84.0 -44.7 -23.1 -52.8 -23.6 -18.0 -14.6
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridge
Mean 4713 1323 114 11.5 919 7 5 2 906 44.7 413 20.7 670
Standard mean error 352 99.4 20.1 0.9 60.7 3.9 71.8 3.0 36.3 1.6 34.0
% Error (std mean error/mean) 7.5 7.5 17.7 8.1 6.6 5.2 7.9 6.7 8.8 7.9 5.1
Load g/s (discharge=5370cfs) 127 35.8 3.1 0.3 24.8 2.0 24.5 1.2 11.2 0.6 18.1
Total % error (sed+chem+disch.) 17.7 17,8 23.9 18.0 17.4 16.9 17.9 17.4 18.3 17,9 16.9
Site load error (g/s) 22.6 6.4 0.7 0.1 4.3 0.3 4.4 0.2 2.0 0.1 3.1
Blackfoot River
Mean 5853 590 79.7 7.0 623 <pql 445 24.8 142 11.7 53.5
Standard mean error 412 32.4 5.0 0.5 19.5 na 23.8 1.4 16.3 1.0 2 4
% Error (std mean error/mean) 7.0 5.5 6.3 7.4 3.1 na 5.4 5 6 11.5 8 4 4.5
Load g/s (discharge=9390cfs) 223 22.5 3 0 0.3 23.7 na 17.0 0 9 5.4 0 4 2.0
Total % error (sed+chem+disch.) 16.3 15.7 16.0 16.5 15.0 na 15.6 15.7 18.6 16.9 15.4
Site load error (g/s) 36.4 3 5 0 5 0.04 3.6 na 2.7 0 1 1.0 0.1 0.3
Mean load into Milltown 351 58.3 6.1 0.6 48.6 2.0 41.5 2.2 16.6 1.0 20.1
Load error into Milltown (TB+BF) (g/s) 42.8 7.3 0.9 0.1 5.6 0.3 5.1 0.3 2.3 0.1 3.1
Load % error into Milltown 12.2 12.5 14.4 12.3 11.5 16.9 12.4 12.0 13.8 12.5 15.3
Deer Creek Bridge
Mean 4782 854 77.4 8.1 700 38.3 670 29.3 218 13.8 367
Standard mean error 403 44.4 5.0 0.8 31.9 2.5 51.4 2.2 31.3 1.2 17.4
% Error (std mean error/mean) 8.4 5.2 6.4 9.8 4.6 6.5 7.7 7.4 14.4 8.6 4.7
Load g/s (discharge=l4900cfs) 362 64.6 5.9 0.6 52.9 2.9 50.6 2.2 16.5 1.0 27.7
Total Load% error (sed+chem+disch.) 16.0 14.6 15.0 16.8 14.4 15.1 15.6 15.5 19.8 16.1 14.4
Site load error (g/s) 57.9 9.4 0.9 0.1 7.6 0.4 7.9 0.3 3.3 0.2 4.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -10.9 -6.3 0.3 0.0 -4.3 -0.9 -9.2 -0.1 0.1 0.0 -7.6
Mass Balance error (g/s) 72.0 11.9 1.2 0.1 9 4 0.6 9.4 0.4 4.0 0.2 5.0
Mass Balance % error 659 190 487 395 219 64.5 103 702 4224 620 66.4
% Trapped -3.1 -10.7 4.2 -5.5 -8.9 -42.4 -22.2 -2.8 0.6 -3.4 -37.7
% Trapped error 20.5 20.4 20.4 21.6 19.5 28.3 22,9 19.9 24.0 20.8 25.7
% Trapped % error 659 190 487 395 219 66.7 103 702 4224 620 68.2
Max % Trapped 17.4 9.7 24.6 16.1 10.6 -14.1 0.8 17.1 24.6 17.5 -12.0
Min % Trapped -237 -31 2 -16.2 -27.0 -28.3 -70.6 -45.1 -22.8 -234 -24.2 -63.4
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Mixing Calculations
5 /1 2 /97  Sample Event sus. sed. (mg/i) AI As Ba Ca Cd Co Cr Cu Fe K Li
% Clark Fork into resefvoir 41.5 58.0 83.8 40.4 27.0 na 47,5 48.5 91.3 50.5 60.9 45.3
% error 19.4 23.8 23 0 21.5 20.8 na 21.4 22.6 23.6 21.8 22.5 24,3
error 8.1 13.7 19.3 8.7 5.8 na 10.2 10.5 21.6 11.0 13.7 11.0
% Blackfoot into reservoir 58 5 42.0 16.2 59.6 73.0 na 52.5 53.5 8.7 49,5 39.1 54.7
% Clark Fork out (mixing equation) na 15.8 39,4 nc 42.2 na 45.1 nc 46.4 10.5 20.1 nc
% Blackfoot out (mixing equation) na 84.4 60.8 nc 57.8 na 54.9 nc 53.6 89.5 79.9 nc
Concentration Change
Results in mg/Kg unless ottierwise noted
5 /1 2 /97  Sample Event sus. sed. (mg/i) Al As Ba Ca Cd Co Cr Cu Fe K Li
4516 29.8 261 15178 na 7.0 15.8 203 10156 872 5 9
% error 12.5 6.3 7.4 5.8 na 16.0 11.9 5,6 9.2 12.1 17.2
actual error 565 1.9 19.3 876 na 1.1 1.9 11.4 933 106 1.0
DCBpredicted (TB+BF)(sus.sed.load x | ]) 5484 30.9 289 15242 na 7.0 18.2 184 11469 1053 7.7
DCBpREoicTEo error 755 4.6 32.3 1884 na 0.9 2.3 29.4 1409 138 1.2
DCBpREoiCTEO % error 13.8 14.9 12.0 12.4 na 12.5 12.8 16.0 12.3 13.1 15.7
Concentratration Ctiange •967.7 •1.1 -8.2 -64.0 na 0.1 -2.4 18.6 -1313.1 •180.4 -1.8
Concentratration Ctiange Error 943 5.0 37.7 2077 na 1.4 3.0 31,6 1890 174 1.6
% Concentration Ctiange ■21.4 •3.8 •3.1 -0.4 na 0.9 •15.1 9.1 •12.9 •20.7 •29.7
% Concentration Ctiange Error 20.9 16.7 14.5 13.7 na 20.3 18.9 15.6 16.6 19.9 26.7
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Mixing Calculations
5/12/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
% Clark Fork into reservoir 36.3 61.4 50.2 53.7 51.1 na 59.1 56.1 67.3 55.5 89.9
% error 21.5 21.7 27.9 21.9 20.9 na 21.8 21.2 22.9 21.8 22.7
error 7.8 13.3 14.0 11.7 10.7 na 12.9 11.9 15.4 12.1 20.4
% Blackfoot into reservoir 63.7 386 49.8 46.3 48.9 na 40.9 43.9 32.7 44.5 10.1
% Clark Fork out (mixing equation) 9 3 9 35.9 rrc 23.4 26 0 na 46.8 2 26 28.1 22.6 50.9
% Blackfoot out (mixing equation) 6.1 64.1 nc 76,6 74.0 na 51.2 77.4 71.9 77.4 49.1
Concentration Change
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
DCB^EAS 4782 854 77.4 8.1 700 na 670 29.3 218 13.8 367
% error 8.4 5.2 6.4 9.8 4.6 na 7.7 7.4 14.4 8.6 4.7
actual error 403 44.4 5.0 0.8 31.9 na 51.4 2.2 31.3 1.2 17.4
DCBpREoicTEo (TB+BF)(sus.sed.load x ( )) 5380 894 93.7 8.9 746 na 636 33.0 254 15.4 309
D C B predicted GiTor 657 112 13.5 1.1 86.0 na 78.8 4.0 35.0 1.9 47.1
D C B predicted % orror 12.2 12.5 14.4 12.3 11.5 na 12.4 12.0 13.8 12.5 15.3
Concentratration Change -598.1 -40.7 -16.3 -0.8 -45.9 na 33.7 -3.8 -36.3 -1.7 57.7
Concentratration Change Error 771 120 14.4 1.3 91.8 na 94.0 4.5 46.9 2.3 50.3
% Concentration Change -12.5 -4.8 -21.1 -10.0 -6.6 na 5.0 -12.8 -16.7 -12.2 15.7
% Concentration Change Error 16.1 14.1 18.6 16.7 13.1 na 14.0 15.4 21.5 16.4 13.7
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
5/20/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turah Bridge
Mean 163 7266 58.0 250 7516 2.9 7.6 20.9 403 14033 1594 8.2
Standard mean error 10,8 457 2.3 10.9 213 0.1 0.1 1.6 13.5 689 107 0.6
% Error (std mean en'or/mean) 6.6 6.3 4.0 4,4 2.8 2.8 1.7 7.8 3.3 4.9 6.7 7.2
Load g/s (dlscharge=8180cfs) 37801 274 2 2 9.4 284 0.1 0.3 0.8 15.2 530 60.2 0.3
Total % error (sed+chem+disch.) 12.0 13.5 12.6 12.8 12,3 12,3 12.1 14,3 12.4 13.0 13.8 14.0
Site load error (g/s) 4531 37.1 0.3 1.2 35,0 0.01 0.03 0.1 1.9 68.7 8.3 0.04
Blackfoot River
Mean 193 2468 6.1 178 12224 <pgl 2.9 9.9 15.2 6731 510 5.4
Standard mean error 11.4 243 0.4 14.5 924 na 0.2 0.6 1.2 538 49.4 0.6
% Error (std mean error/mean) 5 9 9.9 7.2 81 7 6 na 6.5 5.7 7.8 8.0 9.7 10.7
Load g/s (discharge=l2400cfs) 67620 167 0.4 12.0 827 na 0.2 0.7 1.0 455 34.5 0.4
Total % error (sed+chem+disch.) 116 15.2 13.6 14.2 13.9 na 13.3 13.0 14.0 14.1 15.1 15.8
Site load error (g/s) 7854 25.4 0.1 1.7 115 na 0.03 0,1 0.1 64 2 5.2 0.1
Mean load into Milltown 105421 441 2.6 21.5 1111 0.1 0.5 1.5 16.3 986 94.7 0.7
Load error into Milltown (TB+BF) (g/s) 9067 45.0 0.3 2.1 120 0.0 0.0 0.1 1.9 94.0 9.8 0.1
Load % error into Milltown 8.6 10.2 10.9 9.7 10.8 12.3 9.0 9.8 11.7 9.5 10.3 10.7
Deer Creek Bridge
Mean 227 5692 29.1 272 14140 1.5 6.0 15.1 162 12545 1112 10.5
Standard mean error 25.1 181 1.6 20.8 722 0.1 0.2 0.9 7.5 355 48.5 0.2
% Enor (std mean enor/mean) 11.0 3.2 5.4 7.6 5.1 8.1 2.8 6.0 4.1 2 8 4.4 2.4
Load g/s (discharge=21000) 135251 770 3.9 36.8 1912 0.2 0.8 2.0 24.6 1697 150 1.4
Total Load% error (sed+chem+disch.) 14.9 15.2 15.8 16.7 15.7 17.0 15.1 16.1 15.4 15.2 15.5 15.1
Site load error (g/s) 20142 117 0.6 6 2 301 0.03 0.1 0.3 3.8 257 23.3 0.2
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -29829.7 -328.7 -1.3 -15.4 -801.7 -0.1 -0.3 -0.6 -8.3 -711.1 -55.6 -0.7
Mass Balance error (g/s) 22089 126 0.7 6.5 324 0.0 0 1 0.4 4,3 274 25,3 0.2
Mass Balance % error 74.0 38.2 51.4 42.4 40.4 40.0 40.5 61.8 51.0 38.5 45.5 30.2
% Trapped -28.3 -74.5 -51.2 -71.5 •72.2 -83.7 -65.9 -39.5 -51.2 •72.2 -58.7 •111.1
% Trapped error 21.1 29,5 26.9 31.1 30.2 35.1 27.3 24.7 26.8 28.6 27.4 356
% Trapped % enor 74.5 39.5 52.5 43.5 41.8 41.9 41.5 62.6 52.3 39.7 46.6 32.1
Max % Trapped -7 2 ^ 5 .0 -24.3 -40.4 -42.0 -48.6 -38.5 -14.8 -24.4 -43.5 -31.3 -75.5
Min % Trapped -49.4 -104.0 -78,0 -102.6 -102.4 -118.7 -93.2 -64.3 -78.0 -100.8 -86.1 -146.7 1
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
5/20/97 Sample Event Mg Mn Na NI P Pb S Sr Ti V Zn
Turah Bridge
Mean 4793 1302 142 12.1 744 65.7 671 36,5 414 21.2 741
Standard mean error 232 45.7 10.3 0.5 24.1 2.6 36.4 1.6 30.1 1.1 30.9
% Error (std mean error/mean) 4.8 3.5 7.3 4.1 3.2 3.9 5.4 4.4 7.3 5.0 4.2
Load g/s (discharge=8180cfs) 181 49.2 5.4 0.5 28.1 2.5 25.4 1.4 15.6 0.8 28.0
Total % error (sed+chem+disch.) 12.9 12.5 14.0 12.7 12.4 12.6 13.2 12.8 14.0 13.0 12.7
Site load error (g/s) 23.4 6,1 0.8 0.1 3.5 0.3 3.3 0.2 2.2 0.1 3.6
Blackfoot River
Mean 4420 330 55.8 4.6 324 <pql 186 13.7 80.7 8.0 28.2
Standard mean error 318 25.8 4.4 0.4 26.2 na 16.7 1.1 7.3 0.5 2.0
% Error (std mean error/mean) 7.2 7.8 7.9 8.0 8.1 na 8.9 8.2 9.0 6.4 7.2
Load g/s (discharge=12400cfs) 299 22.3 3.8 0.3 21.9 na 12.6 0 9 5.5 0.5 1.9
Total % error (sed+chem+disch.) 13.7 14.0 14.0 14.1 14.2 na 14.7 14.2 14.7 13.3 13.7
Site load error (g/s) 40.8 3.1 0.5 0.0 3.1 na 1.8 0.1 0.8 0.1 0.3
Mean load into Milltown 480 71.6 9.1 0.8 50.0 2.5 38.0 2.3 21.1 1.3 29.9
Load error Into Milltown (TB+BF) (g/s) 47.1 6.9 0.9 0.1 4.7 0.3 3.8 0.2 2.3 0.1 3.6
Load % error into Milltown 9.8 9.6 10.1 9.5 9.3 12.6 10.0 9.5 11.1 9.4 11.9
Deer Creek Bridge
Mean 6646 764 106 9.9 595 34.5 535 27,0 237 16.4 378
Standard mean error 244 54.5 4.5 0.4 16.8 1.3 22.7 1.2 8.9 0 4 13.0
% Error (std mean error/mean) 3.7 7.1 4.2 3.9 2.8 3.8 4.2 4.5 3.8 2.2 3.4
Load g/s (discharge=21000) 899 103 14.4 1.3 80.5 4.7 72.3 3 6 32.1 2.2 51.1
Total Load% error (sed+chem+disch.) 15.3 16.5 15.5 15.4 15.2 15.4 15.5 15.5 15.4 15.1 15.3
Site load error (g/s) 138 17,1 2.2 0.2 12.2 0.7 11.2 0.6 4.9 0.3 7.8
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -418.9 -31.8 -5.3 -0.6 -30.5 -2.2 -34.4 -1.3 -11.0 -0.9 -21.2
Mass Balance error (g/s) 146 18.4 2.4 0.2 13.1 0.8 11,8 0 6 5.5 0.4 8.6
Mass Balance % error 34.8 57.9 45.9 38.7 42.9 35.9 34.4 45.2 49.7 40.6 40.5
% Trapped -87.3 -14.4 -57.6 -73.1 -61.0 -87.8 -90.5 -58.4 -52.0 -65.7 -70.8
% Trapped error 31.5 26 1 27.0 29.1 26.7 33.4 32.5 27.0 26.5 27.4 29.9
% Trapped % error 36.1 58.7 46.9 39.8 43.9 38.0 359 46,2 50.9 41.7 42.3
Max % Trapped ■55.7 -18.4 -30.5 -44.0 -34.2 -54.4 -58.0 -31.4 -256 -38.3 -40.9
Min % Trapped -118.8 -70.5 -84.6 -102.3 -87.7 -121.3 -123.0 -85-4 -78.5 -93.1 -100.7
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Mixing Calculations
5 /2 0 /97  Sample Event sus. sed. (mg/i) AI As Ba Ca Cd Co Cr Cu Fe K Li
% Clark Fork into reservoir 35.9 62,2 84.1 43.9 25.6 na 59.1 54.1 93,7 53,8 63.6 46,1
% error 14.8 17.0 16.7 16.0 16.4 na 15 1 17,3 17.1 16,1 17.2 17,6
error 5.3 10.5 14.0 7.0 4.2 na 8.9 9.4 16.0 8.7 10.9 8,1
% Blackfoot into reservoir 64.1 37.8 15.9 56.1 74.4 na 40.9 45.9 6,3 46.2 36.4 53.9
% Clark Fork out (mixing equation) na 67.3 44.4 nc nc na 64.9 46.9 43.0 79,6 55.5 nc
% Blackfoot out (mixing equation) na 32.7 55.6 nc nc na 35.1 53.1 57.0 20,4 44,5 nc
C o n cen tra tio n  C h an g e
Results in mg/Kg unless ottierwise noted
5 /2 0 /97  Sample Event sus. sed. |mg/i) Al As Ba Ca Cd Co Cr Cu Fe K Li
DCB^EAS 5692 29.1 272 14140 na 6.0 15.1 182 12545 1112 10.5
% error 3.2 5.4 7.6 5.1 na 2.8 6.0 4.1 2,8 4.4 2,4
actual error 181 1.6 20.8 722 na 0.2 0.9 7.5 355 48,5 0.2
DCBpREQicTED (TB+BF)(sus.sed.load x [ ]) 4185 24.7 204 10536 na 4.6 13,9 154 9349 899 6.4
DCBpR£oicTED error 427 2.7 19.8 1136 na 0.4 1,4 18.0 892 92,9 0.7
DCBpREoiCTÊD % error 10.2 10.9 9.7 10.8 na 9.0 9,8 11,7 9,6 10.3 10.7
Concentratration Ctiange 1507 4.4 68.6 3604 na 1.3 1.2 27,6 3196 213 4.1
Concentratration Ctiange Error 464 3.1 28.7 1346 na 0.4 1.6 19,5 960 105 0.7
% Concentration Ctiange 26.5 15.1 25.2 25.5 na 22.7 8.1 15.2 25.5 19.2 39.2
% Concentration Ctiange Error 8.1 10.7 10.6 9.5 na 7.5 10.8 10.7 7.7 9.4 6,9
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Mixing Calculations
5/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
% Clark Fork into reservoir 37.7 66.8 58.6 59.2 56.2 na 66.8 599 74.1 59.8 93.6
% error 16.2 15.8 17.3 15.8 15.5 na 16.6 15.9 17.9 16.0 17.4
error 6.1 10.9 10.1 9.4 8.7 na 11.1 9.5 132 9.6 16.3
% Blackfoot into reservoir 62.3 31.2 41.4 40.8 43.8 na 33.2 40.1 25,9 40.2 6.4
% Clark Fork out (mixing equation) nc 44.6 58.9 70.3 64.6 na 71.9 58.3 47.0 63.9 49.0
% Blackfoot out (mixing equation) nc 55.4 41.1 29.7 35.4 na 28.1 41.7 53.0 36.1 51.0
Concentration Change
Results in mg/Kg unless otherwise noted
5/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
DCBmeas 6646 764 106 9.9 595 na 535 27.0 237 16.4 378
% error 3.7 7.1 4.2 3.9 2 8 na 4.2 4.5 3.8 2.2 3.4
actual error 244 54.5 4.5 0.4 16.8 na 22.7 12 8.9 0.4 13.0
DCBpredicted (TB+BF){sus.sed.load x [ ]) 4554 679 86.6 7.3 474 na 360 21.8 200 12.7 284
DCBpredicted error 447 65.4 8.7 0.7 44.3 na 36.2 2.1 22.1 1.2 33.8
DCBpredicted % error 9.8 9.6 10.1 9.5 9.3 na 10.0 9.5 11.1 9.4 11.9
Concentratration Change 2093 85.4 19.7 2.6 121 na 175 5.1 37.0 3.7 94.0
Concentratration Change Error 509 85.2 9.8 0.8 47.4 na 42.7 2.4 23.9 1.3 36.2
% Concentration Change 31.5 11.2 18.6 25.9 20.3 na 32.7 19.0 15.6 22.6 24.9
% Concentration Change Error 7.7 11.1 9.2 8.0 8.0 na 8.0 8.9 10.1 7.6 9.6
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turah Bridqe
Mean 126 7409 63.8 268 7954 2.8 7.8 24.4 410 14547 1681 8.8
Standard mean error 11.2 394 4.0 17.2 402 0.2 0.3 1.8 27.2 553 67.7 0.5
% Error (std mean en'or/mean) 8.9 5.3 6.3 6.4 5.1 7.2 4.1 7.6 6.6 3.8 4.0 5.3
Load g/s (discharge=8710cfs) 31071 230 2.0 8.3 247 0.1 0.2 0.8 12.8 452 52.2 0.3
Total % emor (sed+chem+disch.) 13.4 14.4 14.8 14.8 14.3 15.2 14.0 15.4 14.9 13.9 14.0 14.4
Site load error (g/s) 4157 33.1 0.3 1.2 35,3 0.01 0.03 0.1 1.9 62.9 7.3 0.04
Blackfoot River
Mean 139 2863 9.6 270 21996 <pql 4.1 20.9 26.8 9172 682 5.4
Standard mean enor 26.7 237 0.5 20.9 1791 na 0.2 3.6 2.5 368 58.8 0.8
% Error (std mean error/mean) 19,2 8 3 4.7 7 7 8.1 na 5.2 17.3 9.4 4.0 8.6 15.6
Load g/s (discharge=10200cfs) 40128 115 0.4 10.8 883 na 0.2 0.8 1.1 368 27.4 0.2
Total % enor (sed+chem+disch.) 21.7 23.2 22.2 23.0 23.1 na 22.3 27.7 23.6 22.0 23 3 26.7
Site load error (g/s) 8694 26.6 0.1 2.5 204 na 0.04 0.2 0.3 81.1 6.4 0.1
Mean load Into Milltown 71199 345 2.4 19.2 1130 0.1 0.4 1.6 13.8 820 79.6 0.5
Load error into Milltown (TB+BF) (g/s) 9636 42.5 0.3 2.8 207 0.0 0.1 0.3 1.9 103 9.7 0.1
Load % error into Milltown 13.5 12.3 12.9 14.5 18.4 15.2 12.3 16.3 13.9 12.5 12.2 14.3
Deer Creek Bridoe
Mean 104 5244 39.3 295 16670 1.8 6.1 22.0 230 12155 1145 8.3
Standard mean enor 4.2 569 1.2 7.8 602 0.1 0.2 0.7 6.4 782 113 1.5
% Enor (std mean enor/mean) 4.0 10.8 3.1 2.6 3.6 6.7 3,5 3.3 2.8 6.4 9.9 17.9
Load g/s (discharge=18300cfs) 53953 283 2.1 15.9 899 0.1 0.3 1.2 12.4 656 61.8 0.4
Total Load% enor (sed+chem+disch.) 10.8 15.3 11.2 11.1 11.4 12.7 11.3 11.3 11.1 12.6 14.6 20,9
Site load enor (g/s) 5815 43.3 0.2 1.8 102 0.01 0.04 0.1 1.4 82.3 9.0 0.1
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 17247 62.1 0.2 3.3 230 0.0 0.1 0.4 1.4 164 17.8 0.0
Mass Balance enor (g/s) 11255 60.7 0.4 3.3 231 0.0 0.1 0.3 2.4 132 13.3 0.1
Mass Balance % error 65.3 97.6 157 101 100 187 77.2 71.5 164 80.1 74.4 273
% Trapped 24.2 18.0 10.4 17.0 20.4 -11.1 19.8 25.6 10.4 20.0 22.4 8.8
% Trapped error 16.1 17.7 16.4 17.4 20.8 20.8 15.5 188 17.2 16.2 16.9 23.9
% Trapped % enor 66.6 98.4 158 102 102 187 78.2 73.3 164 81.0 75.4 273
Max % Trapped 40.4 35.7 26.8 34.4 41.2 9.7 35.3 44.4 27.6 36.3 39.3 32.6
Min % Trapped 8.1 0.3 -6.0 -0.4 -0.4 -31.9 4.3 6.8 -6.7 3.8 5.5 -15.1
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridqe
Mean 5025 1387 198 11.8 736 70.8 724 40.9 432 222 771
Standard mean error 224 78.2 11.9 0.5 30.6 5.8 36.1 2.0 23.1 0.9 42.5
% En-or (std mean error/mean) 4.5 5.6 6.0 4.0 4.2 8.2 5.0 4.8 5.3 4.3 5.5
Load g/s (discharge=8710cfs) 156 43.1 6,2 0.4 22.9 2.2 22.5 1.3 13.4 0.7 24,0
Total % error (sed+chem+disch.) 14.1 14.5 14.7 14.0 14.0 15.7 14.3 14,2 14.4 14.0 14.5
Site load en-or (g/s) 22.0 6.3 0.9 0.1 3.2 0.3 3.2 0.2 1.9 0.1 3.5
Blackfoot River
Mean 6682 519 123 6.1 500 <pql 292 22.1 100 10.9 45.2
Standard mean error 273 31.6 21 0 0.4 4 3 5 na 34.4 1.5 9.2 0.6 2.5
% Error (std mean error/mean) 4.1 6,1 17.0 6.2 8.7 na 11.8 6.6 9.2 5.8 5.5
Load g/s (discharge=l0200cfs) 268 20.8 4.9 0.2 20.1 na 11.7 0.9 4.0 0.4 1.8
Total % error (sed+chem+disch.) 2 20 22.5 27.6 22 5 23.3 na 24.7 22.7 23.5 22.4 22.4
Site load error (g/s) 59.1 4.7 1,4 0.1 4.7 na 2.9 0.2 0.9 0-1 0.4
Mean load into Milltown 424 63.9 11.1 0.6 42.9 2.2 34.2 2.2 17.4 1.1 25.8
Load error into Milltown (TB+BF) (g/s) 63.1 7.8 1.6 0.1 5.7 0.3 4.3 0.3 2.2 0.1 3.5
Load % error into Milltown 14.9 12.2 14.7 12.3 13.2 15.7 12.6 12.5 12.3 12.2 13.5
Deer Creek Bridoe
Mean 6516 1015 156 9.4 615 43.5 601 29.8 257 15.8 463
Standard mean error 395 20.1 16.4 0.6 7.4 1.2 37.4 0.8 26.9 1.1 15.8
% Error (std mean error/mean) 6.1 2.0 10.5 6.8 1.2 2-7 6.2 2.5 10.5 6.7 3.4
Load g/s (discharge=l8300cfs) 352 54.8 8.4 0.5 33.2 2.3 32.4 1.6 13.9 0.9 25.0
Total Load% error (sed+chem+disch.) 12.4 11.0 15.0 12.7 10,8 11.1 12.4 11.1 15-0 12.7 11.3
Site load error (g/s) 43.5 6.0 13 0.1 3,6 0,3 4.0 0.2 2.1 0.1 2.8
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 72.7 9.2 2.7 0.1 9.8 -0.1 1.8 0.6 3.6 0.3 0.8
Mass Balance error (g/s) 76.6 9.9 2.1 0.1 6.7 0.4 5.9 0.3 3.0 0.2 4.5
Mass Balance % error 105 107 77.8 98.0 68-8 290 328 58.4 84.1 64.1 578
% Trapped 17.1 14.4 24.0 16.6 22.7 -6.6 5.3 25.6 20.4 24.3 3.0
% Trapped error 18.2 15.5 19.0 16.4 15.9 19.7 17.3 15.3 17.4 15.8 17.4
% Trapped % error 106 108 79.2 98.8 70.1 290 328 59.8 85.0 65.3 578
Max % Trapped 35.4 29.9 42.9 33.0 38-7 12.9 22.6 41.0 37.8 40.1 20.4
Min % Trapped -1.1 -1-2 5.0 0.2 6.8 -26.5 -12,0 10.3 3.1 8.4 -14.4
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Mixing Calculations
6/4/97 Sample Event sus. sed. (mg/l) A! As Ba Ca Cd Co Cr Cu Fe K Li
% Clark Fork into reservoir 43.6 66.7 83.8 43.4 21.9 na 59,4 47.5 92.2 55.1 65.6 55.6
% error 19.0 18.9 19.6 20.8 23.3 na 18.6 22.4 20.4 18.7 18.5 20.3
error 8.3 12.6 16.4 9.0 5.1 na 11.1 10.6 18.8 10.3 12.2 11.3
% Blackfoot into reservoir 56.4 33.3 16.2 56.6 78.1 na 40.6 52.5 7.8 44.9 34.4 44.4
% Clark Fork out (mixing equation) na 52.4 54.8 nc 37.9 na 52.8 31.9 52.9 65.5 46.4 85.6
% Blackfoot out (mixing equation) na 47.6 45.2 nc 62.1 na 47.2 68.1 47.1 44.5 53.6 14.4
Concentration Change
Results in mg/Kg unless ottierwise noted
6/4/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
DCBkieas 5244 39.3 295 16670 na 6.1 22.0 230 12155 1145 8.3
% error 10.8 3.1 2.6 3.6 na 3.5 3.3 2.8 6.4 9.9 17.9
actual error 569 1.2 7,8 602 na 0.2 0.7 6.4 782 113 1.5
DCBpHEQicTED (TB+BF)(sus sed.load x ( ]) 4847 33.2 269 15868 na 5.7 22,5 194 11518 1118 6.9
DCBpredicted 6iT0r 597 4.3 39.1 2912 na 0.7 3.7 27.0 1441 136 1.0
DCBpREDiCTEo % error 12.3 12.9 14.5 184 na 12.3 16.3 13.9 12.5 12.2 14.3
Concentratration Ctiange 398 6.1 25.7 801 na 0.3 -0.4 35.3 637 27.1 1.4
Concentratration Ctiange Error 825 4.5 39.9 2973 na 0.7 3.7 27.7 1639 177 1.8
% Concentration Ctiange 7.6 15.4 8.7 4.8 na 5.5 -1.9 15.4 5.2 2.4 17.0
% Concentration Ctiange Error 15.7 11.3 13.5 17.8 na 12.1 16.9 12.1 13.5 15.5 21.5
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Mixing Calculations
6/4/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
% Clark Fork into reservoir 36.6 67.4 55,5 59.9 53.2 na 65.8 58.9 76.9 61.2 93.0
% error 20.5 19.0 20.8 18.6 19.3 na 19.1 18.9 19.0 18.6 19.8
error 7.5 12.8 11.5 11.2 10.3 na 12.5 11.1 14.6 11.4 18.4
% Blackfoot into reservoir 63.2 32.6 44.5 40.1 46.8 na 34.2 41.1 23.1 38.8 7.0
% Clark Fork out (mixing equation) 10.0 57.1 44.4 58.9 48.6 na 71.5 40.6 47.3 43.6 57.6
% Blackfoot out (mixing equation) 90.0 42.9 55.6 41.1 51.4 na 28.5 59.4 52.7 56.4 42.4
Concentration Change
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
D C B meas 6516 1015 156 9.4 615 na 601 29.8 257 15.8 463
% error 6.1 2.0 10.5 6.8 1.2 na 6.2 2.5 10.5 6.7 3.4
actual error 395 20.1 16.4 0.6 7.4 na 37.4 0.8 26.9 1.1 15.8
D C B predicted (TB+BF)(sus.sed.load x [ ]) 5959 898 156 8.6 603 na 481 30.3 245 15,9 362
DCBpREoicTEo srror 886 110 23.0 1.1 79.7 na 60.7 3.8 30.2 1.9 49.0
DCBpRED,cTE0 % error 14.9 12.2 14.7 12.3 13.2 na 12.6 12.5 12.3 12.2 13,5
Concentratration Change 557 1 17 0.5 0.9 11.8 na 120 -0.6 12.3 0.0 101
Concentratration Change Error 970 112 28.2 1.2 80.1 na 71.3 3.9 40.5 2.2 51.5
% Concentration Change 8.6 11.5 0.3 9.2 1.9 na 20.0 •1.9 4.8 0.0 21.9
% Concentration Change Error 14.9 11.0 18.0 13.1 13.0 na 11.9 13.0 15.7 13.9 11.1
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Mass Balance Calculations
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event sus. sed. (mg/l) AI As Ba Ca Cd Co Cr Cu Fe K Li
Turah Bridqe
Mean 44.2 9503 102 300 12656 3.8 10.9 39.6 640 20902 1930 10.9
Standard mean error 2.4 770 6.4 22.7 893 0.3 0.9 6.5 42.7 1618 168 0.9
% Error {std mean error/mean) 5.5 8.1 6.3 7.6 7.1 6.5 8.1 16.3 6.7 7.7 8.7 8.0
Load g/s (discharge=4580cfs) 5730 54.4 0.6 1.7 72.5 0.0 0.1 0.2 3.7 120 11.1 0.1
Total % error (sed+chem+disch.) 11.4 14.0 13.0 13.7 13.4 13.1 14.0 19.9 13.2 13.8 14.3 13.9
Site load error (g/s) 654 7.6 0.1 0.2 9.7 0.003 0.01 0.05 0.5 16.5 1.6 0.01
Blackfoot River
Mean 10.3 8313 16.2 493 23875 <pql <pql 51 5 41.0 20079 1641 17.8
Standard mean error 0.2 281 0.7 19.2 838 na na 7.3 1.4 748 22.1 0.6
% Error (std mean error/mean) 2.1 3 4 4.5 3.9 3.5 na na 14.2 3.4 3.7 1.3 3.5
Load g/s (di$charge=4490cfs) 1312 10.9 0.0 0.6 31.3 na na 0.1 0.1 26.3 2.2 0.0
Total % enor (sed+chem+disch.) 102 10.8 11.1 10.9 10.8 na na 17.5 10.8 10.9 10.3 10.8
Site load error (g/s) 134 1.2 0.002 0.1 3.4 na na 0.01 0.01 2.9 0.2 0.003
Mean load into Milltown 7042 65.4 0.6 2.4 104 0.0 0.1 0.3 3.7 146 13.2 0.1
Load error into Milltown (TB+BF) (g/s) 667 7.7 0.1 0.2 10.3 0.0 0.0 0.0 0.5 16.8 1.6 0.0
Load % error into Milltown 9.5 11.8 12.6 10.4 9.9 13.1 14.0 15.9 13.0 11.5 12.1 10.6
Deer Creek Bridqe
Mean 24.6 9568 80.0 382 15230 2.9 9.9 46.5 519 20952 1935 13.3
Standard mean error 2 3 641 6.3 25.8 1290 0.2 0.5 5.3 44,5 1348 131 0.7
% Error (std mean error/mean) 9.5 8.7 7.9 6.7 8.5 8.0 4.8 11.3 8.6 6.4 6.8 5.3
Load g/s (discharge=8680cfs) 6045 57.8 0.5 2.3 92.1 0.0 0.1 0.3 3.1 127 11.7 0.1
Total Load% error (sed+chem+disch.) 13.8 15.4 15.9 15.4 16.2 16.0 14.6 17.9 16.3 15.2 15.4 14.8
Site load error (g/s) 836 8.9 0.1 0.4 14,9 0.003 0.009 0.1 0.5 19.3 1.8 0.01
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 997 7.5 0.1 0.1 11.8 0.0 0.0 0.0 0.6 19.5 1.5 0.0
Mass Balance error (g/s) 1069 11.8 0.1 0.4 18.1 0.0 0.0 0.1 0.7 25.6 2.4 0.0
Mass Balance % enor 107 156 88.7 811 154 87.9 479 515 120 131 159 284
% Trapped 14.2 11.5 20.2 2.3 11.3 20.8 4.1 4.5 15.7 13.3 11.5 6.1
% Trapped enor 15.2 18.0 18.1 18.3 17.5 18.5 19.8 23.3 19.0 17.6 18.3 17.5
% Trapped % error 108 157 89.6 811 154 88.9 480 515 121 132 160 284
Max % Trapped 29.4 29.6 38.2 20.5 28.8 39.2 24.0 27.8 34.7 30.9 298 23.6
Min % Trapped -1.1 -6 5 2.1 -16.0 -6.2 2.3 -15.7 -18.8 -3.3 -43 -6.8 -11.3
Appendix D
Load, Mass Balance, and Mixing Results
261
Mass Balance Calculations
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridqe
Mean 5685 1965 285 16.3 1095 109 1184 52.4 574 27.1 1004
Standard mean en-or 481 109 31.0 1.5 87.9 8.6 69.2 4.0 42.1 2.2 73.4
% Error (std mean error/mean) 8.5 5.6 10.9 8.1 8 0 7,9 5.8 7.6 7.3 8.1 7.3
Load g/s (discharge=4580cfs) 32.6 11.3 1.6 0.1 6.3 0.6 6 8 0.3 3.3 0.2 5.8
Total % error (sed+chem+disch.) 14.2 12.7 15.8 14.0 14.0 13.9 12.8 13.7 13.6 14.0 13.6
Site load error (g/s) 4.6 1.4 0.3 0.015 0.9 0.1 0.9 0.04 0.4 0.022 0.8
Blackfoot River
Mean 9297 1127 271 17.8 1071 <pql 836 32.7 279 19.1 75.3
Standard mean en-or 290 523 10.4 0.7 268 na 31.0 1.0 108 0.7 1.4
% Error (std mean error/mean) 3.1 4.6 3.8 4.1 2.5 na 3.7 3.0 3.9 3.4 1.9
Load g/s (discharge=4490ds) 12.2 1.5 0.4 0.0 1.4 na 1.1 0.0 0.4 0.0 0.1
Total % error (sed+chem+disch.) 10.7 11.2 10.9 11.0 10.5 na 10.9 10.6 10.9 10.8 10.4
Site load error (g/s) 1.3 0.2 0.039 0.003 0.1 na 0.1 0.005 0.04 0.003 0.01
Mean load into Milltown 44.8 12.7 2.0 0.1 7.7 0.6 7.9 0.3 3.7 0.2 5.9
Load error into Milltown (TB+BF) (g/s) 4.8 1.4 0.3 0.0 0.9 0.1 0.9 0.0 0.4 0.0 0.8
Load % error into Milltown 10.7 11.3 13.1 11.6 11.6 13.9 11.1 12,1 12.3 12.1 13.3
Deer Creek Bridge
Mean 8788 1655 295 16.5 1131 86.2 1242 44.8 488 26.3 787
Standard mean emor 382 101 22.6 1.1 66.8 9.0 95.1 2.6 23.9 1.7 58.9
% Error (std mean error/mean) 5.6 6.1 7.7 6,9 5.9 10.5 7.7 5.8 4.9 6.3 7.5
Load g/s (discharge=8680cfs) 41.0 10.0 1.8 0.1 6.8 0.5 7.5 0.3 2.9 0.2 4.8
Total Load% error (sed+chem+disch.) 14.9 15.1 15.8 15.4 15.0 17.3 15.8 15.0 14.7 15.2 15.7
Site load enor (g/s) 6.1 1.5 0.3 0.02 1.0 0.1 1.2 0.04 0.4 0.02 0.7
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 3.7 2.7 0.2 0.0 0.8 0.1 0.4 0.1 0.7 0.0 1.1
Mass Balance error (g/s) 7 8 2.1 0.4 0.0 1.4 0.1 1.5 0.1 0.6 0.0 1.1
Mass Balance % enor 208 76.3 185 74.4 161 121 399 80.0 88.2 151 98.8
% Trapped 8.3 21.5 10.4 22.4 11.0 16.6 4.7 21.1 19.3 11.9 18.7
% Trapped enor 17.4 16.6 19.3 16.9 17.7 20.2 18.7 17.1 17.2 18.1 18.6
% Trapped % enor 209 77.1 186 75.3 162 122 399 80.9 89.0 152 99.7
Max % Trapped 25.8 38.0 29.7 39.3 28.7 36,7 23.4 38.2 36.5 30.1 37.3
Min % Trapped -9.1 4.9 -8.9 5.5 -6.8 -3.6 -14.0 4.0 2.1 -6.2 0.1
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Mixing Calculations
6 /2 5 /9 7  Sample Event sus. sed. (mg/i) AI As Ba Ca Cd Co Cr Cu Fe K Li
% Clark Fork into reservoir 81.4 83.3 96.5 72.6 69.8 na na 77.0 98.6 82.0 83.7 72.8
% error 14.8 183 18.1 17.2 16.7 na na 25.5 18.6 17.9 18.8 17.5
error 12.1 15,3 17.5 12.5 11.7 na na 19.6 18.3 14.7 15.7 12.7
% Blackfoot into reservoir 18.6 16,7 3.5 27.4 30.2 na na 23.0 1.4 18.0 16.3 27.2
% Clark Fork out (mixing equation) na nc 74.3 57.3 77.1 na na 42.1 79.8 na na 64.8
% Blackfoot out (mixing equation) na nc 25.7 42.7 22.9 na na 57.9 20.2 na na 35.2
Concentration Change
Results in mg/Kg unless otherwise noted
6 /2 5 /9 7  Sample Event sus. sed. (mg/i) A! As Ba Ca Cd Co Cr Cu Fe K LI
DCBm£4s 9568 80.0 382 15230 na na 46.5 519 20952 1935 13.3
% error 6.7 7.9 6.7 8.5 na na 11.3 8.6 6.4 6.8 5.3
actual error 641 6.3 25.8 1290 na na 5.3 44.5 1348 131 0.7
DCBpredicted (TB+BF)(sus.sed.load x ( ]) 9281 86.0 336 14746 na na 41.8 528 20748 1876 12.2
DCBpredicted Grror 1095 10.8 34.9 1463 na na 6.6 68.8 2380 228 1.3
DCBpredicted % error 11.8 12.6 10.4 9.9 na na 15.9 13.0 11.5 12.1 10.6
Concentratration Ctiange 287 -6.0 46.6 484 na na 4.7 -9.6 204 58.9 1.1
Concentratration Ctiange Error 1269 12.5 43.4 1950 na na 8.5 82.0 2736 263 1.5
% Concentration Ctiange 3.0 .7.5 12.2 3.2 na na 10.1 ■1.8 1.0 3.0 8.5
% Concentration Ctiange Error 13.3 15.7 11.3 12.8 na na 18.2 15.8 13.1 13.6 11.0
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Mixing Calculations
6/25/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
% Clark Fork into reservoir 72.8 88.4 82.1 81.8 81.7 na 86,1 87.5 90.0 86.1 98.3
% error 17.8 17.0 20.5 18.2 18.1 na 17.0 18.3 18,3 18.5 19.0
error 13.0 15.0 16.8 14.9 14.8 na 14.6 16.0 16.5 16.0 18.7
% Blackfoot into reservoir 27,2 11.6 17.9 182 18.3 na 139 12.5 100 13.9 1.7
% Clark Fork out (mixing equation) 69.5 63.0 nc nc nc na nc 61.3 7 0 8 69.6 76.7
% Blackfoot out (mixing equation) 30.5 37.0 nc nc nc na nc 38.7 29.2 10.4 23.3
Concentration Change
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event Mg Mn Na NI P Pb S Sr Ti V Zn
nCB,jEAS 6780 1655 295 16.5 1131 na 1242 44.8 468 26.3 787
% error 5.6 6.1 7.7 6.9 5.9 na 7.7 5.8 4.9 6.3 7.5
actual en'or 382 101 22.6 1;1 66.8 na 95.1 2.6 23.9 1.7 58.9
DCBpredicted (TB+BF)(sus.sed,load x [ |) 6358 1809 282 18.2 1090 na 1119 48.8 519 25.6 831
DCBpREoicYEo Grror 683 204 36.9 2.1 126 na 125 5.9 63.6 3.1 111
DCBpREoicTED % error 10.7 11.3 13.1 11.6 11.6 na 11.1 12.1 12.3 12.1 13.3
Concentratration Change 430 -154.2 12.4 -1.8 40.7 na 123 -4.0 -31.2 0.7 -43.8
Concentratration Change Error 782 228 43.3 2.4 143 na 157 6.4 68.0 3.5 125
% Concentration Change 6.3 -9.3 4.2 -10.7 3.6 na 9.9 -8.8 -6.4 2.5 -5.6
% Concentration Change Error 11.5 13.8 14.7 14.6 12.6 na 12.6 14.4 13.9 13.4 15.9
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Mass Balance Calculations
7/24/97 Sample Event sus. sed. (mg/L)
Turah Bridqe
Mean 13.85
Standard mean error 0.71
% Error (std mean error/mean) 5.10
Load g/s (discharge=1860cfs) 729.77
Total % error (sed+chem+disch.) 11.2
Site load error (g/s) 81.9
Blackfoot River
Mean 2.07
Standard mean error 0.19
% Error (std mean error/mean) 8.96
Load g/s (discharge=1930cfs) 112.90
Total % error (sed+chem+disch.) 13.4
Site load error (g/s) 15.2
Mean load into Milltown 842.7
Load error into Milltown (TB+BF) ( 83.3
Load % error into Milltown 9.9
Deer Creek Bridqe
Mean 4.59
Standard mean error 0.37
% Error (std mean error/mean) 7.98
Load g/s (discharge=3900cfs) 506.67
Total Load% error (sed+chem+disch 12.8
Site load error (g/s) 64.8
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 336.0
Mass Balance error (g/s) 105.6
Mass Balance % error 31.4
% Trapped 39.9
% Trapped error 13.1
% Trapped % error 32.9
Max % Trapped 53.01
Min % Trapped 26.74
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APPENDIX E
ALUMINUM CORRECTED LOAD, 
MASS BALANCE, AND MIXING
RESULTS
2 6 6
Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
3/20/97 Sample Event AI As Ba Ca Co Cr Cu Fe K Li
Turah Bridge
Mean 7386 74.6 240 15599 7.6 10.9 507 12431 1529 7.7
A1 corrected concentration (13000) 1.8 131 422 27457 13.3 192 893 21880 2691 13.5
AI corrected std mean error 1691 3.1 12.2 140 0.6 2.3 16.0 2346 410 1.9
% Error (std mean error/mean) 13.0 2.4 2.9 0.5 4.5 11.8 1.8 10.7 15.2 14.4
A! com. Load g/s (disch=2740cfs) 662 6.7 21.5 1398 0.7 1.0 45.5 1114 137 0.7
Total % error (sed+chem+disch.) 16.5 10.4 10.5 10.1 11.1 15.5 10.3 14.7 18.3 17.6
AI corrected Site load error (g/s) 109 0.7 2.3 141 0.1 0.2 4.7 164 25.0 0.1
Blackfoot River
Mean 13002 16.2 544 15999 6.6 24.1 41.3 16954 1384 10.5
AI corrected concentration (13000) 1.0 16.2 544 15996 6.6 24.1 41.3 16951 1384 10.5
A! corrected std mean error 1911 0.7 3.4 779 0.3 0.9 3.4 1536 188 1.8
% Error (std mean error/mean) 14.7 4.2 0.6 4.9 4.8 3.7 8.2 9.1 13.6 17.4
AI corr. Load g/s (disch=1 leocfs) 24.2 0.0 1.0 29.8 0.0 0.0 0.1 31.5 2.6 0.0
Total Load% error (sed+chem+disch.) 17.8 10.9 10.1 11.2 11.2 10.7 13.0 13.5 16.9 20 1
AI corrected Site load error (g/s) 4.3 0.003 0.1 3.3 0.001 0.005 0,01 4.3 0.4 0.004
Mean load into Milltown 686 5.7 22.5 1428 0.7 1.0 45.5 1146 140 0.7
Load error into Milltown (TB+BF) (g/s) 109 0.7 2.3 141 0.1 0.2 4.7 164 25.0 0.1
Load % error into Milltown 15.9 10.3 10.0 9.9 10.9 14.8 10.2 14.3 17.9 17.1
Deer Creek Bridae
Mean 9552 73.5 341 16584 7.7 17.5 429 15168 1868 9.5
AI corrected concentration (13000) 1.4 100 464 22571 10.5 23.8 584 20644 2542 13.0
AI corrected std mean error 868 2.8 3.0 346 0.2 1.3 6.8 654 176 1.4
% Error {'std mean error/mean) 6.7 2.8 0.6 1.5 2.2 5.6 1.2 3.2 6.9 10.8
AI corr. Load g/s (disch=3950cfs) 167 1.3 6.0 290 0.1 0.3 7.5 265 32.6 0.2
Total Load% error (sed+chem+disch.) 12.1 10.5 10.1 10.2 10.3 11.5 10.1 10.6 12.2 14.8
AI corrected Site load error (g/s) 20.2 0.1 0.6 29.5 0.01 0.04 0.8 28.0 4 0 0.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 519 5.4 16.5 1138 0.6 0.7 38.0 881 107 0.5
Mass Balance error (g/s) 111 0.7 2.3 144 0.1 0.2 4.7 167 25.4 0.1
Mass Balance % error 21.4 13.0 14.1 12.7 13.7 21.7 12.4 18.9 23.7 22.9
% Trapped 75.7 80.9 73.5 79.7 80.5 70.1 83.5 76.9 76.6 76.5
% Trapped error 20.2 13.4 12.7 12.8 14.1 18.4 13.4 18.2 22.8 21.8
% Trapped % error 26.6 16.6 17.3 16.1 17.5 26.3 16.1 23.7 29.7 28.6
Max % Trapped 95.8 94.3 86.3 92.5 94.6 8 8 5 97.0 95.1 99.4 98.3
Min % Trapped 55.5 67.5 60.8 66.9 66.4 51.6 70.1 58.6 53.9 54.6
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless othefwise noted
3/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
Turah Bridae
Mean 4819 1406 <pqt 10,9 1167 94.6 < pql 68.1 252 19.3 872
AI corrected concentration (13000) 8483 2474 na 19.2 2054 167 na 120 444 33.9 1535
AI corrected std mean error 866 25.1 na 1.8 16.6 3.3 na 2.3 58.6 3.7 19.6
% Error (std mean error/mean) 10.2 1.0 na 9.5 0.8 2.0 na 1.9 13.2 10.9 1.3
AI corr. Load g/s (disch=2740cfs) 432 126 na 1.0 105 8.5 na 6.1 22.6 1.7 78.1
Total % error (sed+chem+disch.) 14.4 10.1 na 13.9 10.1 10.3 na 10.3 16.6 14.8 10.2
AI corrected Site load error (g/s) 62.0 12.8 na 0.1 10.6 0.9 na 0.6 3.8 0.3 8 0
Blackfoot River
Mean 4724 899 < pql 17.2 1200 37.4 <pql 38.6 500 17.0 130
AI corrected concentration (13000) 4723 899 na 17.2 1199 37.3 na 38.5 500 17.0 130
AI corrected std mean error 386 9.3 na 2.7 13.1 1,7 na 1.1 38.9 1.2 4.2
% Error (std mean error/mean) 8.2 1.0 na 15.6 1.1 4,5 na 2.8 7.8 7.1 3.2
AI corr. Load g/s (disch=1 ISOcfs) 8.8 1.7 na 0.0 2.2 . 0.1 na 0.1 0.9 0.0 0.2
Total Load% error (sed+chem+disch.) 13.0 10.1 na 18.5 10,1 11.0 na 10.4 12.7 12.4 10.6
AI corrected Site load error (q/s) 1.1 0 2 na 0.01 0.2 0.01 na 0.0 0.1 0.004 0.03
Mean load into Milltown 441 128 na 1.0 107 8.5 na 6.2 23.5 1.8 78.4
Load error into Milltown (TB+BF) (g/s) 62.0 12.8 na 0.1 10.6 0.9 na 0.6 3.8 0.3 8.0
Load % error into Milltown 14.1 10.0 na 13.4 9.9 10.2 na 10.2 16.0 14.6 10.1
Deer Creek Bridge
Mean 5819 1599 < pql 12.5 1416 97.0 < pql 75.8 404 22.2 794
AI corrected concentration (13000) 7920 2176 na 17.0 1927 132 na 103 550 30.3 1081
AI corrected std mean error 337 28.7 na 0.5 31.1 1.7 na 1.1 22.6 1.2 12.1
% Error (’ std mean error/mean) 4.3 1.3 na 3,2 1.6 1.3 na 1.1 4.1 3.9 1.1
AI corr. Load g/s (disch=3950cfs) 102 27.9 na 0.2 24.7 1.7 na 1.3 7.1 0 4 13.9
Total Load% error (sed+chem+disch.) 10.9 10.2 na 10.6 10.2 10.2 na 10.1 10.9 10.8 10.1
AI corrected Site load error (q/s) 11.1 2.8 na 0.02 2.5 0.2 na 0.1 0.8 0.04 1.4
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 339 99.7 na 0.8 82.1 6.9 na 4.8 16.5 1.4 64.5
Mass Balance error (g/s) 63.0 13.1 na 0.1 109 0.9 na 0.6 3,8 0.3 8.1
Mass Balance % error 186 13.1 na 17.4 13.3 13.0 na 13.2 23.3 19.0 12.5
% Trapped 76.9 78.1 na 78.4 76.9 80.2 na 78.6 70.0 77.9 82.3
% Trapped error 179 12.9 na 17.2 12.7 13.2 na 13.1 19.8 18.6 13.3
% Trapped % error 23.3 16.5 na 22.0 16.6 16.5 na 16.7 28.2 2 39 16.1
Max % Trapped 94.9 91.0 na 95.6 89.6 93.4 na 91.7 89.8 96.5 95.6
Min % Trapped 59.0 65.2 na 61.2 64.1 67.0 na 65.5 50.3 59.3 69.1
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Mixing Calculations
3/20/97 Sample Event AI As Ba Ca Co Cr Cu Fe K Li
% Clark Fork into reservoir na 99.2 92.3 96.4 96.9 92.5 99.7 95.3 96.8 95.2
% Blackfoot into reservoir na 0.8 7.7 3.6 3.1 7.5 0.3 4.7 3.2 4.8
% Clark Fork out {mixing equation) na 98.1 66.7 na na 50.1 83.3 39.5 na 34.7
% Blackfoot out (mixing equation) na 1.9 33.3 na na 49.9 16.7 60.5 na 65.3
Concentration Change
Results in mg/Kg unless ottierwise noted
3/20/97 Sam ple Event AI As Ba Ca Co Cr Cu Fe K Li
DCBwEAS. na 100 464 22571 10.5 23.8 584 20644 2542 13.0
% error na 2.6 0,6 1.5 2.2 5.6 1.2 3.2 6.9 10.8
actual error na 2.8 3.0 346 0.2 1.3 6.8 654 176 1.4
DCBpredicted (TB+BF)(sus,sed.load x [ ]) na 127 426 27053 13.1 19.3 863 21707 2645 13.4
DCBpREDicTED error na 7.5 24.4 1522 0.8 1.6 50.2 1768 270 1.3
DCBpREDicTEo %  error na 5.9 5.7 5.6 6.2 8.4 5.8 8.1 10.2 9.7
Concentrât ration Ctiange na -27.2 37.9 -4482.1 -2.6 4.5 -278.6 -1062.0 -103.5 -0.4
Concentratration Change Error na 8.0 24.6 1561 0.8 2.1 50.6 1885 322 1.9
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Mixing Calculations
Resurts in mg/Kg unless otherwise noted
3/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Tt V Zn
% Clark Fork into reservoir 96.5 97.7 na 94.6 96,4 98.6 na 98.0 93.3 96.9 99.5
% Blackfoot into reservoir 3.5 2.3 na 5.4 3.6 1.4 na 2.0 6.7 3.1 0.5
% Clark Fork out (mixing equation) na no na 75.0 na 104 na na 38.6 na 89.5
% Blackfoot out (mixing equation) na nc na 25.0 na -4.1 na na 61.4 na 10.5
Concentration Change
Results in mg/Kg unless otherwise noted
3/20/97 Sample Event Mg Mn Na Ni P Pb S Sr Ti V Zn
7920 2176 na 17.0 1927 132 na 103 550 30.3 1081
% error 4.3 1.3 na 3.2 1.6 1.3 na 1.1 4.1 3.9 1.1
actual error 337 28.7 na 0.5 31.1 1.7 na 1.1 22.6 1.2 12.1
D C B p r e d ic t e d  (TB+BF)(sus.sed.load x []) 8350 2418 na 19.1 2024 162 na 117 446 33.3 1485
DCBpREDicTED error 668 138 na 1.5 114 9.4 na 6.8 40.5 2,8 85.6
D C B p r e d ic t e d  %  error 8.0 5.7 na 7.7 5.6 5.8 na 5.8 9.1 8.3 5.8
Concentratration Change -430.1 -241.9 na -2.1 -97.5 -30.0 na -13.8 104 -3.1 -404.6
Concentratration Change Error 748 141 na 1.6 118 9.5 na 6.8 46.4 3.0 86.4
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless ottierwise noted
4/23/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
Turah Bridge
Mean 8160 61.1 324 13929 6.3 33.5 356 9825 1604 7.2
At corrected concentration (13000) 1.6 97.3 516 22191 10.0 53.4 567 15654 2555 11.5
A1 corrected std mean error 2326 23.3 118 5109 1.3 16.9 125 1508 508 1.4
% Error (std mean error/mean) 17.9 24.0 22.9 23.0 12.7 31.7 22.0 9.6 19.9 12.0
A! corr. Load g/s (disch=3010cfs) 86.8 0 6 3 4 148 0.1 0.4 3.8 105 17.1 0.1
Total % error (sed+chem+disch.) 50.2 52.7 52.2 52.2 48.6 56.6 51.8 47.9 50.9 48.4
A! corrected Site load error (g/s) 43.6 0.3 1.8 77.4 0.03 0.2 2.0 50.1 8.7 0.04
Blackfoot River
Mean 7786 9.8 420 19589 6.4 43.9 27.6 14904 1176 11.0
/y corrected concentration (13000) 1.7 16.4 702 32709 10.8 73.2 46.2 24886 1964 18.3
Ai corrected std mean error 634 0 8 43.3 2157 0.3 2.4 3.6 1310 91.6 1.8
% Error (std mean error/mean) 4.9 5 2 6.2 6.6 2.7 3.3 7.7 5.3 4.7 9.8
Load g/s (discharge=5270cfs) 59.3 0.1 3.2 149 0.0 0.3 0.2 113 9.0 0.1
Ai corr. Load g/s (disch=5270cfs) 99.0 0.1 5.3 249 0.1 0.6 0.4 189 15.0 0.1
Total % error (sed+chem+disch.) 13.1 13.3 13.7 13.9 12.5 12.6 14.4 13.3 13.1 15.6
AI corrected Site load error (g/s) 13.0 0.02 0.7 34,5 0.01 0.1 0.1 25.2 2 0 0.02
Mean load into Milltown 186 0.8 8.8 397 0.1 0.9 4.1 294 32.0 0.2
Load error into M illtown (TB+BF) (g/s) 45.5 0.3 1.9 84.8 0.0 0.2 2.0 56.0 8.9 0.0
Load % error into Milltown 24.5 44.3 22.1 21.3 22.9 23.4 47.4 19.1 27.8 19.9
Deer Creek Bridae
Mean 12423 45.1 495 18742 8.6 36.3 207 15960 1945 13.5
AI corrected concentration (13000) 1.0 47.2 518 19613 9.0 38.0 217 16702 2036 14.1
AI corrected std mean error 239 0.9 6.5 169 0.1 2.6 4.4 315 44.5 0.3
% Error (std mean error/mean) 1.8 2.0 1.3 0.9 1.3 6.8 2.0 1.9 2.2 2.1
AI corr. Load g/s (disch=8340cfs) 110 0.4 4.4 166 0.1 0.3 1.8 141 17.2 0.1
Total Load% error (sed+chem+disch.) 11.1 11.2 11.1 11,0 11.1 13.0 11.2 11.2 11.2 11.2
Al corrected Site load error (g/s) 12.2 0.04 0.5 18 3 0.01 0.04 0.2 15.7 1.9 0.01
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 76.1 0.4 4.4 232 0.1 0.6 2.3 153 14.8 0.1
Mass Balance error (g/s) 47.1 0.3 2.0 86.7 0.0 0.2 2.0 58.2 9.1 0.0
Mass Balance % error 61.9 91.9 45.3 37.4 48.3 36.7 85.5 38.0 61.4 46.3
% Trapped 40.9 48.5 50.2 58.3 48.9 64.9 55.8 52.0 46.3 45.1
% Trapped error 27.3 49.5 25.3 25.1 26.1 28.3 54.5 22.1 31.3 22.7
% Trapped % error 66.6 102 50.4 43.1 53.5 43.5 97.8 42.5 67.5 50.4
Max % Trapped 68.2 98.1 75.6 83.5 75.0 93.2 110 74.2 77.6 67.8
Min % Trapped 13.7 -1.0 24.9 33.2 22.7 36.7 1.2 29.9 15.1 22.4
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
4/23/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
Turah Bridae
Mean 4436 1476 <pql 11.7 1011 <pql 52.9 418 20.9 630
Al corrected concentration (13000) 7067 2351 na 18.7 1610 na 84.2 667 33.3 1004
Al corrected std mean error 1187 439 na 3.6 300 na 19.2 156 5.8 189
% Error (std mean error/mean) 16.8 18.7 na 19.1 18.6 na 22.8 23.4 17.5 18.8
Al corr. Load g/s (dlsch=3010cfs) 47,2 15.7 na 0.1 10.8 na 0.6 4.5 0.2 6.7
Total % error (sed+ctiem+disch.) 4 9 8 50.5 na 50.7 50.5 na 52.2 52.4 50.1 50.5
Al corrected Site load error (g/s) 23.5 7.9 na 0.1 5.4 na 0.3 2.3 0.1 3.4
Blackfoot River
Mean 5578 888 < pql 15.5 1007 < pql 31.3 294 16.1 66.3
Al corrected concentration (13000) 9313 1483 na 25.8 1682 na 52.2 491 26.8 111
Al corrected std mean error 288 107 na 1.2 84.3 na 4.0 19.5 0.7 12.0
% Error (std mean error/mean) 3.1 7.2 na 4.7 5.0 na 7.6 4.0 2.7 10.9
Load g/s (discharge=5270cfs) 42.5 6.8 na 0.1 7.7 na 0.2 2.2 0.1 0.5
Al corr. Load g/s (dlsch=5270cfs) 70.9 11.3 na 0.2 12.8 na 0.4 3.7 0.2 0.8
Total % error (sed+chem+disch.) 12.6 14.2 na 13.1 13.2 na 14.4 12.8 12.5 16.3
Al corrected Site load error (g/s) 8.9 1.6 na 0.0 1.7 na 0.1 0.5 0.0 0.1
Mean load into Milltown 118 27.0 na 0.3 23.6 na 1.0 8.2 0.4 7.6
Load error into Milltown (TB+BF) (g/s) 25.1 8.1 na 0.1 5.7 na 0.3 2.4 0.1 3.4
Load Vo error into Milltown 21.3 30.0 na 21.2 24.1 na 31.1 29.1 26.8 44.9
Deer Greek Bridge
Mean 6150 1220 < pql 17.7 1238 <pql 47.8 459 22.4 378
Al corrected concentration (13000) 6436 1276 na 18.5 1295 na 50.0 480 23.5 395
Al corrected std mean error 93.2 21.6 na 0.5 12.7 na 0.4 6.0 0.7 7.9
% Error (std mean error/mean) 1.4 1.7 na 2.8 1.0 na 0.7 1.2 3.1 2.0
Al corr. Load g/s (disch=8340cfs) 54.3 10 8 na 0.2 10.9 na 0.4 4.1 0.2 3.3
Total Load% error (sed+chem+disch.) 11.1 11.1 na 11.4 11.0 na 11.0 11.1 11.4 11.2
Al corrected Site load error (g/s) 6.0 1.2 na 0.02 1.2 na 0.0 0.4 0.02 0.4
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 63.8 16.2 na 0.2 12.6 na 0.5 4.1 0.2 4.2
Mass Balance error (g/s) 25.9 8.2 na 0.1 5.8 na 0 3 2.4 0.1 3.4
Mass Balance % error 40.5 50.4 na 42.8 46.0 na 56.2 58.6 51.0 81.0
% Trapped 54.0 60.1 na 51.3 53.6 na 56.0 50.5 53.5 55.8
% Trapped error 24.7 35 2 na 24.5 27.8 na 36.0 33.1 30.8 51.7
% Trapped % error 45.8 5 8 6 na 47.8 52.0 na 64.3 65.4 57.6 92.6
Max % Trapped 78.7 95.3 na 75.7 81.4 na 92.1 8 3 6 84.3 107
Min % Trapped 29.3 24.9 na 26.6 25.7 na 20.0 17.5 22.7 4.1
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Mixing Calculations
4/23/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
% Clark Fork into reservoir na 84,5 40.3 38,4 46,2 40.1 91.9 36.6 54,5 36,6
% Blackfoot into reservoir na 15,5 59,7 61.6 53.8 59.9 8.1 63.4 45.5 63.4
% Clark Fork out (mixing equation) na 68.9 nc 15.0 nc 73.1 54.7 nc nc nc
% Blackfoot out (mixing equation) n i. 31,1 nc 85.0 nc 26.9 45.3 nc nc nc
Concentration Change
Results in mg/Kg unless otherwise noted
4/23/97 Sample Event AI As Ba Ca Co Cr Cu Fe K LI
D C B meas. na 47.2 518 19613 9.0 38.0 217 16702 2036 14.1
% error na 2,0 1.3 0.9 1.3 6.8 2.0 1,9 2,2 2.1
actual error na 0,9 6,5 169 0.1 2.6 4.4 315 44,5 0.3
DCBpredicted (TB+BF)(sus.sed.load x []) na 54,2 615 27794 10.4 64.0 290 20572 2240 15,2
D C B predicted Grror na 15.1 94,0 4171 1.6 10.1 86.2 2816 405 2.2
DCB PREDICTED % error na 27.8 15.3 15.0 15.4 15.9 29.8 13.7 18.1 14.8
Concentratration Change na -7.0 -96,9 -8180.7 -1.4 -26.0 -72.8 -3870.1 -204.7 -1.1
Concentratration Change Error na 15,1 94.2 4175 1.6 10.5 86.4 2834 408 2.3
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Mixing Calculations
4/23/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
% Clark Fork into reservoir 41.1 59.3 na 39.9 46,8 na 59.7 55.5 53.3 89,3
% Blackfoot into reservoir 58.9 40.7 na 60.1 53.2 na 40.3 44.5 46.7 10.7
% Clark Fork out (mixing equation) nc 56.4 na nc nc na 76.5 nc nc 55.2
% Blackfoot out (mixing equation) nc 4 3 6 na nc nc na 23.5 nc nc 44.8
Concentration Change
Results in mg/Kg unless otherwise noted
4/23/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
DCB^EAS 6436 1276 na 18.5 1295 na 50.0 480 23.5 395
% error 1,4 1.7 na 2.8 1.0 na 0.7 1.2 3.1 2.0
actual error 93.2 21.6 na 0.5 12.7 na 0.4 6.0 0.7 7.9
D C B p r e d ic t e d  (TB+BF)(sus.sed.load x []) 8264 1889 na 22.5 1649 na 67.2 573 29,8 528
D C B p r e d ic t e d  Grror 1207 366 na 3.3 266 na 13.5 108 5.2 149
DCS PREDICTED % error 14,6 19.4 na 14.7 16.1 na 20.1 18.8 17.4 28.2
Concentratration Change -1828.0 -612.3 na -3.9 -353.2 na -17.2 -93.1 -6.3 -133.0
Concentratration Change Error 1210 386 na 3.3 266 na 13.5 108 5,3 149
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
Turah Bridae
Mean 7669 62.5 262 9919 8 0 20.4 406 13951 1545 8.4
Al corrected concentration (13000) 1.7 106 443 16814 135 34.5 688 23647 2619 14.3
Al corrected std mean error 1359 7.4 33.5 764 0.9 3.2 45.9 1919 227 1.3
% Error (std mean error/mean) 10.5 7.0 7.6 4,5 6.6 9.3 6,7 8,1 8.7 9.2
Al corr. Load g/s (disch=5370cfs) 351 2.9 12.0 455 0.4 0.9 18.6 639 70.8 0.4
Total % error (sed+chem+disch.) 19.2 17,5 17.8 16.7 17.4 18.6 17.4 18.0 18.3 18.5
Al corrected Site load error (q/s) 67.5 0.5 2.1 7 6 0 0.1 0.2 3.2 115 13.0 0.1
Blackfoot River
Mean 3935 8.6 274 19015 6.2 16.6 27.3 9710 703 7.2
Al corrected concentration (13000) 3.3 28.3 905 62826 20.6 55.0 90.2 32081 2324 23.8
Al corrected std mean error 1628 1.0 61.1 3568 2.1 5.3 4.5 2521 222 4.6
% Error (std mean error/mean) 12.5 3.5 6.8 5.7 10.3 9.7 4.9 7.9 9.6 19.3
Al corr. Load g/s (disch=9390cfs) 496 1.2 34.5 2396 0.8 2.1 3.4 1224 88.6 0.9
Total % emor (sed+chem+disch.) 19.3 15.1 16.2 15.8 18.0 17.6 15.5 16.7 17.5 24.2
Al corrected Site load error (g/s) 95.7 0.2 5.6 378 0.1 0.4 0.5 204 15.5 0.2
Mean load into Milltown 847 4.0 46.5 2851 1.2 3.0 22.0 1863 159 1.3
Load error into Milltown (TB+BF) (g/s) 117 0.5 6.0 385 0.2 0.4 3.3 234 20.2 0.2
Load % error into Milltown 13.8 13.2 12.9 13.5 13.5 13.5 14.9 12.6 12.7 17.9
Deer Creek Bridae
Mean 4516 29.8 261 15178 7.0 15.8 203 10156 872 5.9
M  corrected concentration (13000) 2.9 85.7 750 43693 20.2 45.5 584 29235 2511 17.1
Al corrected std mean error 1627 5.4 55.6 2521 3.2 5.4 32.9 2686 305 2.9
% Error (std mean error/mean) 12.5 6.3 7.4 5.8 16.0 11.9 5.6 9.2 12.1 17.2
Al corr. Load g/s (disch=14900cfs) 983 6.5 56.7 3304 1.5 3.4 44.2 2210 190 1.3
Total Load% error (sed+chem+disch,) 18.5 15.0 15.5 14.8 21.0 18.1 14.7 16.4 18.2 22.0
/\l corrected Site load error (g/s) 182 1.0 8.8 488 0.3 0.6 6.5 363 34.6 0.3
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -135.7 -2.5 -10,2 -452.9 -0.4 -0,4 -22.1 -347.6 -30.4 0.0
Mass Balance error (g/s) 216 1.1 10.6 622 0.4 0.7 7.3 432 40.1 0.4
Mass Balance % error 159 45.1 104 137 94.8 181 32.9 124 132 58307
% Trapped -16.0 •61.3 •22.0 -15.9 -32.7 •13.5 -100.4 -18.7 -19.1 0.0
% Trapped error 25.6 28.8 23.0 21.9 31.3 24.6 36,3 23.3 25.3 28.3
% Trapped % error 160 47.0 105 138 95.7 182 36.2 125 133 58307
Max % Trapped 9.6 -32.5 1.1 6.0 -1.4 11.1 -64.1 4.7 6,2 28.4
Min % Trapped -41.6 -90.0 -45.0 -37.8 -63.9 -38.2 -136.7 -42.0 -44.3 -28.3
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
Turah Bridqe
Mean 4713 1323 114 11.5 919 906 44.7 413 20.7 670
Al corrected concentration (13000) 7988 2243 192 19.5 1558 1536 75.7 699 35.0 1135
Al corrected std mean error 596 169 34.1 1.6 103 122 5.1 61.5 2.8 57.6
% Error (std mean error/mean) 7.5 7.5 17.7 8.1 6.6 7.9 6.7 8.8 7.9 5.1
Al corr. Load g/s (disch=5370cfs) 216 60.6 5.2 0.5 42.1 41.5 2.0 18.9 0.9 3 0 7
Total % error (sed+chem+disch.) 17.7 17.8 23.9 18.0 17.4 17.9 17.4 18.3 17.9 16.9
Al corrected Site load error (q/s) 38.3 10.8 1.2 0,1 7.3 7.4 0.4 3.5 0.2 5.2
Blackfoot River
Mean 5853 590 79.7 7.0 623 445 24.8 142 11.7 53.5
Al corrected concentration (13000) 19337 1951 263 23.2 2057 1470 82.0 469 38.8 177
Al corrected std mean error 1361 107 16.5 1.7 64.3 78,7 4.6 53.8 3.2 8.0
%  Error (std mean error/mean) 7.0 5.5 6.3 7.4 3.1 5.4 5.6 11.5 8.4 4 5
Al corr. Load g/s (disch=9390cfs) 737 74.4 10.0 0.9 78.5 56.1 3.1 17.9 1.5 6.7
Total % error (sed+chem+disch.) 16.3 15.7 16.0 16.5 15.0 15.6 15.7 18.6 16.9 15.4
Al corrected Site load error (g/s) 120 11.7 1.6 0.1 11.8 8.8 0.5 3.3 0.3 1.0
Mean load into Milltown 953 135 15.2 1.4 121 97.6 5.2 36.8 2.4 37.4
Load error into Milltown (TB+BF) (g/s) 126 15.9 2.0 0.2 13.9 11.5 0.6 4.8 0.3 5.3
Load % error into Milltown 13.2 11.8 13.3 12.3 11.5 11.8 11.7 13.1 12.5 14.1
Deer Creek Bridoe
Mean 4782 854 77.4 8.1 700 670 29.3 218 13.8 367
Al corrected concentration (13000) 13765 2458 223 23.2 2014 1928 84,3 627 39.6 1056
Al corrected std mean error 1161 128 14.3 2.3 92.0 148 6.2 90.0 3.4 50.2
% Error (std mean error/mean) 8.4 5.2 6.4 9.8 4.6 7.7 7.4 14.4 8.6 4.7
Al corr. Load g/s (disch=14900cfs) 1041 186 16.8 1.8 152 146 6.4 47.4 3.0 79.8
Total Load% error (sed+chem+disch.) 16.0 14.6 15.0 16.8 14.4 15.6 15.5 19.8 16.1 14.4
Al corrected Site load error (g/s) 167 27.1 2 5 0.3 21.9 22 8 1.0 9.4 0.5 11.5
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -87.3 -50.8 -1.6 -0,3 -31.7 -48.2 -1.2 -10.6 -0.6 -42.4
Mass Balance error (g/s) 209 31.4 3.2 0.3 25.9 25.5 1.2 10.5 0.6 12.7
Mass Balance % error 239 61 8 203 99.3 81.7 52.9 96,4 99.2 100 29.9
% Trapped -9.2 -37.6 -10.5 •24.4 •26.3 •49.4 -23.2 -28.9 •23.4 -113.3
% Trapped error 22.0 23.7 21.4 24.4 21.7 26.8 22.6 28.9 23.6 37.4
% Trapped %  error 240 62.9 203 100 82.5 54.2 97.1 100 101 33.0
Max % Trapped 12.8 -13.9 10.8 0.0 -4.6 -22.6 -0.7 0.0 0.2 -75.9
Min % Trapped -31.1 -61.3 -31.9 -48 8 -48.0 -76 2 -45.8 -57.8 -47.1 -150.7
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Mixing Calculations
5/12/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
% Clark Fork into reservoir na 82,8 40,4 27,0 47,5 46,5 91,3 50,5 60,9 45.3
% Blackfoot into reservoir na 17,2 59,6 73,0 52,5 53,5 8.7 49,6 39.1 54.7
% Clark Fork out (mixing equation) na 39,4 nc 42,2 45,1 nc 46,4 10.5 20,1 nc
% Blackfoot out (mixing equation) na 60,6 nc 57,8 54.9 nc 53,6 89,5 79,9 nc
Concentration Change
Results in mg/Kg unless otherwise noted
5/12/97 Sam ple Event Al As Ba Ca Co Cr Cu Fe K Li
DCBmeas. na 85.7 750 43693 20.2 45,5 584 29235 2511 17.1
% error na 6.3 7,4 5,8 16,0 11,9 5,6 9,2 12.1 17.2
actual error na 5.4 55.6 2521 3,2 5,4 32,9 2686 305 2.9
DCB predicted (TB+BF)(sus.sed.load x [ J) na 60,5 713 43740 17.7 46.5 338 28583 2446 19.8
DCBpredicted Grror na 5,2 87.8 5834 2.2 5,9 30.5 3298 266 3.4
DCB PREDICTED % error na 8,6 12.3 13,3 12,7 12,6 9.0 11.5 10.9 17.3
Concentratration Change na 25.3 36.7 -47.6 2,5 -1.0 246 652 64.2 -2.7
Concentratration Change Error na 7,5 104 6355 3,9 8,0 44,8 4254 404 4.5
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Mixing Calculations
5/12/97 Sample Event Mg Mn Na NÎ P S Sr Ti V Zn
% Clark Fork into reservoir 36.3 61.4 50,2 53.7 51.1 59.1 56.1 67.3 55.5 89.9
% Blackfoot into reservoir 63.7 38.6 49.8 46,3 48,9 40.9 43.9 32.7 44.5 10.1
% Clark Fork out (mixing equation) 93,9 35.9 nc 23.4 26.0 48.8 22.6 28.1 22.6 50.9
% Blackfoot out (mixing equation) 6.1 64.1 nc 76.6 74.0 51.2 77.4 71.9 77.4 49.1
Concentration Change
Results in mg/Kg unless otherwise noted
5/12/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
CCB^eas 13765 2458 223 23.2 2014 1928 84.3 627 39.6 1056
% error 8,4 5.2 6.4 9,8 4.6 7.7 7.4 14,4 8.6 4.7
actual error 1161 128 14.3 2.3 92.0 148 6.2 90.0 3.4 50.2
DCBpREQicTEo (TB+BF)(sus.sed.load x [ ]) 14630 2072 234 21.6 1850 1497 79.4 564 37.2 574
D CBpredicted error 1876 204 27.1 2.4 193 151 8.2 60.0 4.1 49.5
D CB predicted % error 12.8 9.8 11.6 11.1 10.4 10.1 10.3 10.6 11.1 8.6
Concentratration Change -865.1 386 -11.1 1.6 164 431 4.9 62.6 2.4 482
Concentratration Change Error 2207 241 30.6 3.3 214 211 10.3 108 5.4 70.5
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Al-Corrected Mass Balance 
Calculations
Results In mg/Kg unless otherwise noted
5/20/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
Turah Bridae
Mean 7256 58.0 250 7516 7.6 20.9 403 14033 1594 8.2
A) corrected concentration (13000) 1.8 104 447 13466 13.6 37.5 723 25142 2855 14.7
Al corrected std mean error 819 4.2 19.5 382 0.2 2.9 24.2 1235 192 1.1
% Error (std mean emor/mean) 6.3 4.0 4.4 2.8 1.7 7.8 3.3 4.9 6.7 7.2
Al corr. Load g/s (disch=8ISOcfs) 491 3.9 16.9 509 0.5 1.4 27.3 950 108 0.6
Total % error (sed+chem+disch.) 13.5 12.6 12.8 12.3 12.1 14.3 12.4 13.0 13.8 14.0
Al corrected Site load error (q/s) 66.6 0.5 2.2 62.7 0.1 0.2 3.4 123 14.8 0.1
Blackfoot River
Mean 2468 6.1 178 12224 2.9 9.9 15.2 6731 510 5.4
Al corrected concentration (13000) 5.3 32.2 938 64394 15.5 52.4 79,8 35460 2687 28.2
Al corrected std mean error 1281 2.3 76.4 4869 1.0 3.0 6.2 2835 260 3.0
% Error (std mean error/mean) 9.9 7.2 8.1 7.6 6.5 5.7 7.8 8.0 9.7 10.7
Al corr. Load g/s (disch=12400cfs) 879 2 3 63.4 4354 1.0 3.5 5.4 2398 182 1.9
Total % error (sed+chem+disch.) 15.2 13.6 14.2 13.9 13.3 13.0 14.0 14.1 15.1 15.8
Al corrected Site load error (q/s) 134 0.3 9.0 603 0.1 0.5 0.8 338 27.5 0.3
Mean load Into Milltown 1370 6.2 80.3 4863 1.6 5.0 32.7 3348 290 2.5
Load error into Milltown (TB+BF) (g/s) 150 0.6 9.3 607 0.2 0.5 3.5 360 31.2 0.3
Load % error into Milltown 10.9 9.4 11.5 12.5 9.8 10.1 10.6 10.7 10.8 12.6
Deer Creek Bridqe
Mean 5692 29.1 272 14140 6.0 15.1 182 12545 1112 10.5
Al corrected concentration (13000) 2.3 66.5 622 32294 13.6 34.5 415 28652 2539 23.9
Al corrected std mean error 413 3.6 47.5 1649 0.4 2.1 17.0 811 111 0.6
% Error (std mean error/mean) 3.2 5.4 7.6 5.1 2.8 6.0 4.1 2.8 4.4 2.4
Al corr. Load g/s (disch=21000cfs) 1758 9.0 84.1 4368 1 8 4.7 56.2 3875 343 3.2
Total Load% error (sed+chem+disch.) 15.2 15.8 16.7 15.7 15.1 16.1 15.4 15.2 15.5 15.1
Al corrected Site load error (g/s) 268 1.4 14.1 688 0.3 0.7 8.7 587 53.3 0.5
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -387.8 -2.8 -3.8 496 -0.3 0.3 -23.5 -527.0 -53.8 -0.8
Mass Balance error (g/s) 307 1.5 16.8 917 0.3 0.9 9.4 689 61.8 0.6
Mass Balance % error 79.1 56.0 448 185 114 306 39.8 131 115 74.7
% Trapped -28.3 -44.1 -4.7 10.2 -17.9 5.9 ■71.8 -15.7 -18.6 -31.5
% Trapped error 22.6 25.0 21.0 18.9 20.4 18.2 29.6 20.6 21.4 23.8
% Trapped % error 79.8 56.7 448 185 114 306 41.2 131 115 75.7
Max % Trapped -5.7 -19.1 16.3 29.1 2.6 24.1 -42.2 4.9 2.8 -7.6
Min % Trapped -50.9 -69.2 -25.7 -8.7 -38.3 -12.2 -101.4 -36.4 -40.0 -55.3
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
5/20/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
Turah Bridqe
Mean 4793 1302 142 12.1 744 671 36.5 414 21.2 741
A! corrected concentration (13000) 8588 2333 254 21.6 1332 1203 65.4 741 38.0 1327
Al corrected std mean error 415 81.9 18.5 0.9 43.2 65.2 2.9 53.9 1.9 55.3
% Error (std mean error/mean) 4 8 3.5 7.3 4.1 3,2 5.4 4.4 7.3 5,0 4.2
Al corr. Load g/s (disch=8180cfs) 325 88.2 9.6 0.8 50.4 45.5 2.5 28.0 1,4 50.2
Total % error (sed+chem+disch.) 12.9 12.5 14.0 12.7 12.4 13.2 12.8 14.0 13.0 12.7
Al corrected Site load error (q/s) 42.0 11.0 1.3 0.1 6,3 6.0 0.3 3,9 0.2 6.4
Blackfoot River
Mean 4420 330 55.8 4.6 324 186 13.7 80.7 8.0 28.2
Al corrected concentration (13000) 23283 1740 294 24.5 1704 981 72.0 425 42.1 148
Al corrected std mean error 1676 136 2 3 2 2.0 138 87.8 5.9 38.2 2.7 10.7
% Error (std mean error/mean) 7.2 7.8 7.9 8.0 8.1 8.9 8 2 9.0 6.4 7.2
Al corr. Load g/s (disch=l2400cfs) 1574 118 19.9 1.7 115 66 3 4.9 28.7 2.8 10.0
Total % error (sed+chem+disch.) 13.7 14.0 14.0 14.1 14.2 14.7 14.2 14.7 13.3 13.7
A] corrected Site load error (q/s) 215 16.5 2.8 0.2 16.3 9.7 0.7 4.2 0.4 1.4
Mean toad into Milltown 1899 206 29.5 2.5 166 112 7.3 56.8 4.3 60.2
Load error into Milltown (TB+BF) (g/s) 219 19.8 3.1 0.3 17.5 11.4 0.8 5.8 0.4 6.5
Load % error into Milltown 11.5 9.6 10.5 10.3 10.6 10.2 10.4 10.2 9.8 10.8
Deer Creek Bridae
Mean 6646 764 106 9.9 595 535 27.0 237 16.4 378
Al corrected concentration (13000) 15179 1745 243 22.5 1359 1221 61.6 542 37.6 862
Al corrected std mean error 557 124 10.3 0.9 38.4 51 9 2.7 20.4 0.8 29.8
% Error (std mean error/mean) 3 7 7.1 4.2 3.9 2.8 4.2 4.5 3.8 2.2 3.4
Al corr. Load g/s (disch=21000cfs) 2053 236 32.8 3,0 184 165 8.3 73.3 5.1 117
Total Load% error (sed+chem+disch.) 15.3 16.5 15,5 15.4 15.2 15.5 15.5 154 15.1 15.3
Al corrected Site load error (g/s) 315 39 0 5.1 0.5 27.9 25 6 13 11.3 0.8 17.8
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) -154.0 -30,2 -3.4 -0.6 -18.1 -53.4 -1.0 -16.5 -0.8 -56.4
Mass Balance error (g/s) 384 43.7 6.0 0.5 32.9 2 8 0 1.5 12.6 0.9 19.0
Mass Balance % error 249 145 177 93.3 181 5 2 5 151 76.6 109 33.6
% Trapped -8.1 -14.7 -11.4 -23.2 -11.0 •47.8 -13.5 -29.1 -18.6 -93.8
% Trapped error 20.2 21.3 20 2 21.7 19.9 25.5 20.5 22.5 20.5 33.1
% Trapped % error 249 145 177 93.8 182 53.4 152 77.3 110 35.3
Max % Trapped 12.1 6 6 8.8 -1.4 8.9 -22.2 7.0 -6.6 1.8 -60.6
Min % Trapped -28.3 -36.0 -31.7 -44.9 -30.8 -73.3 -34.0 -51.5 -39.1 -126.9
Appendix E
Aluminum Corrected Load, Mass Balance, and Mixing Results
280
Mixing Calculations
5/20/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
% Clark Fork into reservoir na 83,3 43.9 25.6 59.1 54.1 93.7 53.8 63.6 46.1
% Blackfoot into reservoir na 16.7 56.1 74.4 40.9 45.9 6.3 46.2 36.4 53.9
% Clark Fork out (mixing equation) na 44.4 nc nc 64.9 46.9 43.0 79.6 55.5 nc
% Blackfoot out (mixing equation) na 55,6 nc nc 35.1 53.1 57.0 20.4 44.5 nc
Concentration Change
Results in mg/Kg unless othenwise noted
5/20/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
DCBmeas. na 66.5 622 32294 13.6 34.5 415 28652 2539 23.9
% error na 5.4 7.6 5 1 2.8 6.0 4.1 2.8 4.4 2,4
actual error na 3.6 47.5 1649 0.4 2.1 17.0 811 111 0.6
DCBpredicted (TB+BF)(sus.sed.load x []) na 57.9 762 46133 14.8 47.0 310 31760 2747 23,4
DCBpredicted Grror na 3,9 86.1 5734 1.4 4.5 19.4 3273 272 2.9
OCBPREDICTED % error na 6.7 11.3 12.4 9.2 9.5 6.2 10.3 9,9 12.4
Concentratration Change na 8.6 -140.3 -13839.4 -1.2 -12.6 105 -3108.6 -207.9 0.6
Concentratration Change Error na 5.3 98.4 5966 1.4 4.9 25.8 3372 294 2.9
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Mixing Calculations
5/20/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
% Clark Fork into reservoir 37.7 68.8 58.6 59.2 56.2 66.8 59.9 74.1 59.8 93.6
% Blackfoot into reservoir 62.3 31.2 41.4 40.8 43.8 33.2 40.1 25.9 40.2 6.4
% Clark Fork out (mixing equation) nc 44.6 58.9 70.3 64.6 71.9 58.3 47.0 63.9 4 9 0
% Blackfoot out (mixing equation) nc 55.4 41.1 29.7 35.4 28.1 41.7 53.0 36.1 51.0
Concentration Change
Results in mg/Kg unless ottierwise noted
5/20/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
UCBf^EAS 15179 1745 243 22.5 1359 1221 61.6 542 37.6 862
% error 3.7 7.1 4.2 3.9 2.8 4.2 4.5 3.8 2.2 3.4
actual error 557 124 10.3 0.9 38.4 51.9 2.7 20.4 0.8 29.8
DCBpredicted (TB+BF)(sus.sed.load x | ]) 18014 1953 280 23.5 1571 1060 69.6 538 40.6 571
DCB PREDICTED Grror 2053 167 27.4 2.3 158 97.5 6.8 45.1 3.7 36.1
DCB PREDICTED % error 11.4 8.5 9.8 9.7 10.1 9.2 9.7 8.4 9.1 6.3
Concentratration Ctiange -2834.4 -207.3 -36.8 -0.9 -212.4 161 -8.0 3.3 -3.1 291
Concentratration Ctiange Error 2127 208 29.3 2.4 163 110 7.3 49,5 3.8 46.8
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
Turah Bridae
Mean 7409 63.8 268 7954 7.8 24.4 410 14547 1681 8.8
Al corrected concentration (13000) 1.8 112 470 13957 13.7 42.9 720 25525 2950 15.4
Al corrected std mean error 690 7.1 30.3 706 0.6 3.2 47.7 970 119 0.8
% Error (std mean error/mean) 5,3 6.3 6.4 5.1 4.1 7.6 6.6 3.8 4.0 5.3
Al corr. Load g/s (disch=871Dcfs) 404 3.5 14.6 434 0.4 1.3 22.4 793 91,7 0.5
Total % error (sed+chem+disch.) 14.4 14.8 14.8 14.3 14.0 15.4 14.9 13.9 14.0 14.4
Al corrected Site load error (q/s) 58.1 0.5 2.2 6 2 0 0.1 0.2 3.3 110 12.8 0.1
Blackfoot River
Mean 2863 9.6 270 21996 4.1 20.9 26.8 9172 682 5.4
Al corrected concentration (13000) 4.5 43.5 1228 99879 18.8 95.0 122 41650 3099 24.7
Al corrected std mean error 1075 2.1 94.7 8134 1.0 16.4 11.4 1670 267 3.9
% Error (std mean error/mean) 8.3 4.7 7.7 8.1 5 2 17.3 9.4 4.0 8.6 15.6
Al corr. Load g/s (disch=10200cfs) 522 1.9 49.3 4008 0.8 3.8 4.9 1671 124 1.0
Total % error (sed+chem+disch.) 23.2 22.2 23.0 23.1 22.3 27.7 23.6 22.0 23.3 26.7
Al corrected Site load error (g/s) 121 0.4 11.3 928 0.2 1.1 1.2 368 29.0 0.3
Mean load into Milltown 926 5.3 63.9 4442 1.2 5.1 27.3 2464 216 1.5
Load error into Milltown (TB+BF) (g/s) 134 0.7 11.5 930 0.2 1.1 3.5 384 31.7 0.3
Load % error into Milltown 14.5 12.4 18.1 20.9 15.1 20.9 13.0 15.6 14.7 18.6
Deer Creek Bridae
Mean 5244 39.3 295 16670 6.1 22.0 230 12155 1145 8.3
Al corrected concentration (13000) 2.5 97.3 731 41321 15.1 54.6 569 30130 2839 20.6
Al corrected std mean error 1410 3.0 19.2 1493 0.5 1.8 15.6 1937 281 3.7
% Error (std mean error/mean) 1 08 3.1 2.6 3 6 3.5 3.3 2.8 6 4 9.9 17.9
Al corr. Load g/s (disch=18300cfs) 701 5.3 39.4 2229 0 8 2.9 30.7 1626 153 1.1
Total Load% error (sed+chem+disch.) 15.3 11.2 11.1 11.4 11.3 11.3 11.1 12.6 14,6 20.9
Al corrected Site load error (g/s) 43.3 0.2 1.8 102 0.04 0.1 1.4 82.3 9.0 0.1
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 224 0.1 24.4 2212 0.4 2.2 -3.4 839 62.8 0.4
Mass Balance error (g/s) 141 0.7 11.7 935 0.2 1.1 3.8 393 33.0 0.3
Mass Balance % error 62.9 886 47.8 42.3 49.6 49.4 110 46.9 52.5 80.6
% Trapped 24.2 1.5 36.2 49.8 31.1 42.7 -12.6 34.0 29.1 24.4
% Trapped error 15.6 13.1 19.5 23.5 16.1 22.9 14.0 16.8 15.8 20.2
% Trapped % error 64.5 886 51.1 47.2 51.8 53.6 111 49.4 54.5 82.7
Max % Trapped 39,9 14.6 57.8 73.3 47.2 65.6 1.4 50.9 44.9 44.6
Min % Trapped 8.6 -11.6 18.7 26.3 15.0 19.8 -26.6 17.2 13.2 4.2
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
Turah Bridqe
Mean 5025 1387 198 11.8 736 724 40.9 432 22.2 771
Al corrected concentration (13000) 8817 2434 348 20.6 1291 1271 71.8 758 39.0 1353
Al corrected std mean error 393 137 20.9 0.8 53.6 63.4 3.4 40.5 1.7 74.5
% Error (std mean error/mean) 4.5 5 6 6.0 4.0 4.2 5.0 4.8 5.3 4.3 5.5
Al corr. Load g/s (disch=8710cfs) 274 75.6 10.8 0.6 40.1 39.5 2.2 23.5 1.2 42.0
Total % error (sed+chem+disch.) 14.1 14.5 14.7 14.0 14.0 14.3 14.2 14.4 14.0 14.5
Al corrected Site load error (q/s) 38.6 11.0 1.6 0.1 5.6 5.6 0.3 3.4 0.2 6.1
Blackfoot River
Mean 6682 519 123 6.1 500 292 22.1 100 10.9 45.2
Al corrected concentration (13000) 30341 2357 560 27.7 2271 1326 101 455 49.6 205
Al corrected std mean error 1239 144 95.4 1.7 198 156 6.6 41.8 2.9 11.3
% Error (std mean error/mean) 4.1 6.1 17.0 6.2 8.7 11.8 6.6 9.2 5.8 5.5
Al corr. Load g/s (disch=10200cfs) 1218 94.6 22.5 1.1 91.1 53.2 4.0 18.3 2.0 8.2
Total % error (sed+chem+disch.) 22.0 22.5 27.6 22.5 23.3 24.7 22.7 23.5 22.4 22.4
Al corrected Site load error (q/s) 268 21.3 6.2 0.3 21.3 13.1 0.9 4.3 0.4 1.8
Mean load into Milltown 1491 170 33.3 1.8 131 92.7 6.3 41.8 3.2 50.3
Load error Into Milltown (TB+BF) (g/s) 271 24.0 6.4 0.3 22.0 14.3 1.0 5.5 0.5 6.4
Load % error into Milltown 18.2 14.1 19.2 15.2 16.8 15.4 15.4 13.1 14.9 12.6
Deer Creek Bridqe
Mean 6516 1015 156 9.4 615 601 29.8 257 15.8 463
Al corrected concentration (13000) 16152 2516 388 23.4 1524 1490 73.8 638 39.3 1148
Al corrected std mean error 978 49.9 40.7 1.6 18.3 92.8 1.9 66.7 2.6 39.1
% Error (std mean error/mean) 6.1 2.0 10.5 6,8 1.2 6.2 2.5 10.5 6.7 3.4
Al corr. Load g/s (disch=18300cfs) 871 136 20.9 1.3 8 2 2 80.4 4.0 34.4 2.1 61.9
Total Load% error (sed+chem+disch.) 12.4 11.0 15.0 12.7 10.8 12.4 11.1 15.0 12.7 11.3
Al corrected Site load error (g/s) 43.5 6.0 1.3 0.1 3 6 4.0 0.2 2.1 0,1 2.8
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 620 34.5 12.3 0.5 49.0 12.3 2.3 7.4 1.1 -11.7
Mass Balance error (g/s) 275 24.7 6.5 0.3 22.3 14.8 1.0 5.9 0.5 7.0
Mass Balance % error 44.3 71.6 52.8 55.7 45.5 120 43.1 79.1 45.2 59.5
% Trapped 41.6 20.3 37.1 28.0 37.4 13.3 36.4 17.7 33.8 -23.2
% Trapped error 19.9 14,8 20.8 16.2 18.1 16.1 16.7 14.2 16.1 14.1
% Trapped % error 47.9 7 3 0 56.2 57.8 48.5 121 45.7 80.1 47.6 60.9
Max % Trapped 61.5 35,0 57.9 44.2 55.5 29.4 53.1 31.9 49.9 -9.1
Min % Trapped 21.7 5.5 16.2 11.8 19.3 -2.8 19.8 3.5 17.7 -37.4
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Mixing Calculations
6/4/97 Sample Event Al As Ba Ca Co Cr Cu Fe K LI
% Clark Fork into reservoir na 82.9 43.4 21.9 59.4 47,5 92.2 65.1 65.6 55.6
% Blackfoot into reservoir na 17.1 56.6 78.1 40,6 52.5 7.8 44.9 34.4 44.4
% Clark Fork out (mixing equation) na 54.8 nc 37,9 52.8 31.9 52,9 55.5 46.4 85.6
% Blackfoot out (mixing equation) na 45.2 nc 62.1 47.2 68.1 47.1 44.5 53.6 14.4
Concentration Change
Results in mg/Kg unless ottierwise noted
6/4/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
na 97.3 731 41321 15.1 54.6 569 30130 2839 20.6
% error na 3.1 2.6 3.6 3,5 3.3 2.8 6.4 9.9 17.9
actual error na 3.0 19.2 1493 0.5 1.8 15.8 1937 281 3.7
DCBpredicted (T8+BF)(sus.sed.load x []) na 73.3 897 62383 16.6 72.3 383 34613 3034 20.7
D C B predicted srror na 6.8 160 13038 2.4 14.9 31.3 5247 420 3.8
D C B predicted %  error na 9.3 17.8 20.9 14.5 20.7 8.2 15.2 13.8 18.2
Concentratration Ctiange na 24.0 -165.8 -21062.0 -1.5 -17.6 186 -4483.6 -194.4 0.0
Concentratration Ctiange Error na 7.4 161 13123 2.5 15,0 35.0 5593 505 5.3
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Mixing Calculations
6/4/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
% Clark Fork into reservoir 36.8 67.4 55,5 59.9 53.2 65.8 58.9 76.9 61.2 93.0
% Blackfoot Into reservoir 63.2 32.6 44.5 40.1 46.8 34,2 41.1 23.1 38.8 7.0
% Clark Fork out (mixing equation) 10.0 57.1 44,4 58.9 48.6 71.5 40.6 47.3 43.6 57.6
% Blackfoot out (mixing equation) 90.0 42.9 55.6 41.1 51.4 28.5 59.4 52.7 56.4 42.4
Concentration Change
Results in mg/Kg unless otherwise noted
6/4/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
^ C B u£As 16152 2516 388 23.4 1524 1490 73.8 638 39.3 1148
% error 6.1 2.0 10.5 6.8 1.2 6.2 2.5 10.5 6,7 3.4
actual error 978 49.9 40.7 1.6 18.3 92.8 1.9 66.7 2,6 39.1
DCB PREDICTED (TB+BF)(sus.sed.ioad x [ ]) 20948 2391 467 24.6 1843 1302 88.0 587 45.0 706
CCB PREDICTED Grror 3783 312 87.9 3.6 302 190 13.1 66.2 6.4 55.1
DCB PREDICTED % error 18.1 13.0 18.8 14.6 16.4 14.6 14.9 11.3 14.3 7.8
Concentratration Change -4796.0 125 -79.2 -1.2 -319.7 188 -14.2 50.4 -5.7 442
Concentratration Change Error 3907 316 96.8 3.9 303 211 13.2 94.0 6.9 67.6
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
Turah Bridae
Mean 9503 102 300 12656 10.9 39.6 640 20902 1930 10.9
Al corrected concentration (13000) 1.4 139 410 17314 14.9 54.1 875 28594 2641 14.9
Al corrected std mean error 1054 8.8 31.0 1221 1.2 8.8 58.4 2214 230 1.2
% Error (std mean error/mean) 8.1 6.3 7.6 7.1 8.1 16.3 6.7 7.7 8.7 8.0
Al corr. Load g/s (disch=4580cfs) 74.5 0.8 2.3 99.2 0.1 0.3 5.0 164 15.1 0.1
Total % error (sed+chem+disch.) 14.0 13.0 13.7 13.4 14.0 19.9 13.2 13.8 14.3 13.9
Al corrected Site load error (q/s) 10.4 0.1 0.3 13.3 0.01 0.1 0.7 22.6 2 2 0.01
Blackfoot River
Mean 8313 16,2 493 23875 <pql 51.5 41.0 20079 1641 17.8
Al corrected concentration (13000) 1.6 25.3 771 37337 na 80.5 64.2 31400 2566 27.8
Standard mean error 281 0.7 19.2 838 na 7.3 1.4 748 22.1 0.6
Al corrected std mean error 439 1.1 30.0 1311 na 11.4 2.2 1170 34.6 1.0
% Error (std mean error/mean) 3.4 4.5 3.9 3.5 na 14.2 3.4 3.7 1.3 3.5
Al corr. Load g/s (disch=4490cfs) 17.1 0.0 1,0 49.0 na 0.1 0.1 41.2 3.4 0.0
Total % error (sed+chem+disch.) 10.8 11.1 10.9 10.8 na 17.5 10.8 10.9 10.3 10.8
Al corrected Site load error (g/s) 1.8 0,0 0.1 5.3 na 0.02 0,01 4.5 0.3 0.004
Mean load into Milltown 91.5 0.8 3.4 148 0.1 0.4 5.1 205 18.5 0.1
Load error into Milltown (TB+BF) (g/s) 10.6 0.1 0.3 14.3 0.01 0.1 0.7 23.0 2.2 0.0
Load % error into Milltown 11.6 12.5 10.1 9.7 14.0 15.5 13.0 11.2 11.9 10.3
Deer Creek Bridqe
Mean 9568 80.0 382 15230 9.9 46.5 519 20952 1935 13.3
Al corrected concentration (13000) 1.4 109 519 20694 13.4 63.1 705 28469 2630 18.1
Al corrected std mean error 870 8.6 35.0 1753 0.6 7.1 60.5 1832 179 1.0
% Error (std mean error/mean) 6.7 7.9 6.7 8.5 4.8 11.3 8.6 6.4 6.8 5.3
Al corr. Load g/s (disch=8680cfs) 78.6 0.7 3.1 125 0.1 0.4 4.3 172 15.9 0.1
Total Load% error (sed+chem+disch.) 15.4 15.9 15.4 16.2 14.6 17.9 16.3 15.2 15.4 14.8
Al corrected Site load error (g/s) 12.1 0.1 0.5 20.3 0.01 0.1 0.7 26.2 2.4 0.02
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 13.0 0.2 0.2 23.1 0.0 0,0 0.8 32.9 2.6 0.0
Mass Balance error (g/s) 16.1 0.1 0 6 24.8 0.0 0.1 1.0 34.9 3.3 0.0
Mass Balance % error 124 83.1 267 107 413 275 114 106 126 164
% Trapped 14.2 21.3 6.6 15.6 4.8 8.2 16.5 16.1 14.1 10.3
% Trapped error 17.6 17.9 17.6 16.8 19.8 22.6 18.9 17.1 17.9 16.8
% Trapped %  error 124 84.1 268 108 413 276 115 107 127 164
Max % Trapped 31.8 39.2 24.2 32.4 24.6 30.8 35,4 33.2 31.9 27.1
Min % Trapped -3.5 3.4 -11.0 -1.2 -15.0 -14.4 -2.5 -1.1 -3.8 -6.6
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Al-Corrected Mass Balance 
Calculations
Results in mg/Kg unless othenvise noted
6/25/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
Turah Bridqe
Mean 5685 1965 285 18.3 1095 1184 52.4 574 27.1 1004
Al corrected concentration (13000) 7777 2688 390 25.0 1498 1619 71.7 785 37.1 1373
Al corrected std mean error 659 150 42.4 2.0 120 94.7 5.5 57.6 3.0 100
% Error (std mean error/mean) 8.5 5.6 10.9 8.1 8.0 5.8 7.6 7.3 8.1 7.3
Al corr. Load g/s (disch=4580cfs) 44.6 15.4 2.2 0.1 8.6 9,3 0.4 4.5 0.2 7.9
Total % error (sed+chem+disch.) 14.2 12.7 15.8 1 40 14.0 12.8 13.7 13.6 14.0 13.6
At corrected Site load error (q/s) 6.3 2.0 0.4 0.02 1.2 1.2 0.1 0.6 0.03 1.1
Blackfoot River
Mean 9297 1127 271 17.8 1071 836 32.7 279 19.1 75.3
Al corrected concentration (13000) 14538 1763 424 27.8 1675 1308 51.1 436 29.9 118
Standard mean error 290 52.3 10.4 0.7 26.8 31.0 1.0 10.8 0.7 1.4
Al corrected std mean error 454 81.9 16.2 1.1 41.9 48.4 1.5 16.9 1.0 2.2
% Error (std mean error/mean) 3.1 4.6 3.8 4.1 2.5 3.7 3.0 3.9 3.4 1.9
Al corr. Load g/s (disch=4490cfs) 19.1 2.3 0.6 0.0 2.2 1.7 0.1 0.6 0.0 0.2
Total % error (sed+chem+disch.) 10.7 11.2 10.9 11.0 10.5 10.9 10.6 10.9 10.8 10.4
Al corrected Site load error (g/s) 2.0 0.3 0.1 0.004 0.2 0.2 0.01 0.1 0.0 0.0
Mean load into Milltown 63.6 17.7 2.8 0.2 10.8 11.0 0.5 5.1 0.3 8.0
Load error into Milltown (TB+BF) (g/s) 6.7 2.0 0.4 0.0 1.2 1.2 0.1 0.6 0.0 1.1
Load % error into Milltown 10.5 11.1 12.8 11.4 11.3 11.0 11.9 12.1 11.9 13.3
Deer Creek Bridqe
Mean 6788 1655 295 16.5 1131 1242 44.8 488 26.3 787
Al corrected concentration (13000) 9223 2248 400 22.4 1537 1688 60.9 663 35.7 1069
Al corrected std mean error 519 138 30.6 1.5 90.8 129 3.5 32.4 2.3 80.0
% Error (std mean error/mean) 5.6 6.1 7.7 6.9 5.9 7.7 5.8 4.9 6.3 7.5
Al corr. Load g/s (disch=8680cfs) 55.8 13.6 2.4 0.1 9.3 10.2 0.4 4.0 0.2 6.5
Total Load% error (sed+chem+disch.) 14.9 15.1 15.8 15.4 15.0 15.8 15.0 14.7 15.2 15.7
Al corrected Site load error (g/s) 8.3 2.1 0.4 0.02 1.4 1.6 0.1 0.6 0.03 1.0
Mass Balance Calculations
Mass Balance (IN-Out) (g/s) 7.9 4.1 0.4 0.0 1.5 0.8 0.1 1.1 0.0 1,6
Mass Balance error (g/s) 10.7 2.8 0.5 0.0 1.9 2.0 0.1 0.8 0.0 1.5
Mass Balance % error 135 69.1 142 65.2 125 255 71.9 79.8 124 94.5
% Trapped 12.4 23.3 13.2 24.9 13.8 7.2 23.0 21.0 14.2 19.4
% Trapped error 16.8 16.3 18.8 16.5 17.3 18.3 16.8 16.9 17.8 18.5
% Trapped % error 136 70.0 142 66.2 125 255 72.9 80.7 125 95.4
Max % Trapped 29.2 39.6 32.1 41.4 31.1 25.5 39.8 37.9 32.0 38.0
Min % Trapped -4.4 7.0 -5.6 8.4 -3.5 -11.1 6.2 4.1 -3.5 0.9
Appendix E
Aluminum Corrected Load, Mass Balance, and Mixing Results
288
Mixing Calculations
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
% Clark Fork into reservoir na 96,3 72.6 69.8 na 77.0 98.6 82.0 83.7 72.8
% Blackfoot into reservoir na 3.7 27.4 30.2 na 23.0 1.4 18.0 16.3 27.2
% Clark Fork out (mixing equation) na 74.3 57.3 77,1 na 42.1 79.8 nc nc 64.8
% Blackfoot out (mixing equation) na 25.7 42.7 22.9 na 57.9 20.2 nc nc 35.2
Concentration Change
Results in mg/Kg unless ottierwise noted
6/25/97 Sample Event Al As Ba Ca Co Cr Cu Fe K Li
%error na 7.9 6.7 8.5 na 11.3 8.6 6.4 6 8 5.3
na 8.6 35.0 1753 na 7.1 60.5 1832 179 1.0
DCBpedicied (TB+BF)(sus.sed.load x [ ]) na 118 477 21044 na 59.0 724 29117 2627 17.3
CCBpgjicgj error na 10.8 36.9 1573 na 6.9 68.8 2430 231 1.4
%error na 9.2 7.7 7.5 na 11.7 9.5 8.3 8.8 7.8
increase/decrease na -9.6 42.2 -349.7 na 4,1 -19.4 -647.7 2.7 0.8
error na 13.8 50.9 2355 na 9.9 91.6 3043 292 1.7
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Mixing Calculations
Results in mg/Kg unless otherwise noted
6/25/97 Sample Event Mg Mn Na Ni P S Sr Ti V Zn
% Clark Fork into reservoir 72.8 88.4 82.1 81.8 81.7 86.1 87.5 90.0 86.1 98.3
% Blackfoot into reservoir 27.2 11.6 17.9 18 2 18.3 13.9 12.5 10.0 13.9 1.7
% Clark Fork out (mixing equation) 69.5 63.0 nc -268.0 ne ne 61.3 70.8 89.6 76.7
% Blackfoot out (mixing equation) 30.5 37,0 nc 368 nc nc 38.7 29.2 10.4 23.3
Concentration Change
Results in mg/Kg unless othenvise noted
6/25/97 Sample Event Mg Mn Na NI P S Sr Ti V Zn
%error 5.6 6.1 7,7 6.9 5.9 7.7 5.8 4.9 6.3 7.5
519 138 30.6 1.5 90.8 129 3.5 32.4 2.3 80.0
(TB+BF)(sus.sed.load x []) 9037 2516 396 25.6 1531 1561 67.9 720 35.8 1139
DCBprgpijigp error 718 206 37.5 2.2 129 126 5.9 64.0 3.1 111
CCBpred,cte<i %6rror 7.9 8.2 9.5 8.5 8.4 8.1 8.8 8.9 8.8 9.7
increase/decrease 187 -267.5 4.3 -3.2 6.1 127 -7.0 -57.4 0.0 -70.0
error 886 248 48.5 2.7 157 181 6.9 71.7 3.9 137
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